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Preface 

 

Developments in computer science and information technology have opened up new 
avenues for more realistic visual images. As a consequence, new disciplines, such as 
computer graphics and virtual reality, have been born. The question of colour-fidelity 
display is an exciting and challenging part of this process. One vital area of related research 
interest focuses on user demands and consequently on legitimising the need for barrier-free 
designs, for instance enabling people who are colour blind to freely obtain information. 

With the appearance of the Internet the speed information has greatly increased, social 
networks and online gaming communities have appeared. This dimension encompasses 
millions of users. Social networks as well as online games can be understood as virtual 
worlds.  

Among the priorities of the European Commission we can find the simplification of modern 
digital contract rules and the promotion of access to digital content. Another fact is that by 
2020, 25% of the EU’s population will be over 65 years, therefore, new solutions are needed 
for the daily care and health monitoring of the elderly, who may not be able to move out of 
their homes, e.g. digital services for healthcare and social care at distance. Barrier-free 
Internet and software is an essential part of this process. 

I have been engaged in two main research areas of human-computer interaction. I have made 
several measurements in both research areas. The first area focuses on the topic of colour-
fidelity display concerning computer software, the second focuses on designing barrier-free 
applications. The two areas are closely related as at least 10% of users tend to show a certain 
degree of impairment, a large proportion of it being of visual nature. This observation 
necessitates the present Theses to have two different areas: 

 one is the colour-fidelity of virtual reality-based games and designing colour 
correct web pages, 

 the other is the area of software ergonomics, especially barrier-free design so that 
anyone can easily use software or web pages. These can be either games, 
educational materials, or health, medical IT rehabilitation applications. 

In the field of colour design discussed in the first part of my research I measure the typical 
colours of the most popular virtual reality-based games for the purpose of colour correct 
design of similar games. The second step of this research is to investigate how the colours 
of games influence the users’ memory colour. The third part of colour science research is to 
check the colour of each Hungarian university website, determining whether people with 
colour deficiency can use them. Based on the results, I shall propose a method for the colour-
correct design of virtual reality-based games and websites, so that people with colour 
deficiencies will not lose information, and are able to use them in an accessible way. 

In the field of Universal Design and Health Informatics I have conducted multiple research 
activities on barrier-free design of both multimedia and VR games and accessible WEB. I 
created the design requirements and testing methods of customisability concerning non-
leisure multimedia and VR games for skills development and rehabilitation use. I have done 
two kinds of research on accessibility testing of “Web accessibility investigations”: by 
determining the most typical mistakes of websites both by automatic validators and experts’ 
questionnaires and recommendations to design and testing methodology. Based on my 
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recommendations, I have proved that it is possible to create a barrier-free website, which is 
useful for patients and improves nursing workflow, efficiency, and patient education.  

In the listed results my contribution was significant; however, some of the results have been 
achieved partially with co-authors.  

Since I obtained my Ph.D. the Theses have been completed by new research and new 
findings. Apart from few publications on the results of our collaborative work with Professor 
János Schanda, most of the publications feature my collaboration and work as supervisor in 
connection with B.Sc. and M.Sc. students and in one case a PhD candidate. All contributors 
and co-authors are indicated in the present research.  
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Chapter 1 

Introduction 

1.1 Subject of the theses, main objectives, motivation 

The improvement of computer science, information technology, and the available 
computing capacity opened the doors for more realistic visual images. As a consequence of 
this development, new disciplines were born, e.g. computer graphics, and virtual reality. The 
question of colour-fidelity display is an interesting part of this process. At the same time, 
these new research fields must pay attention to the demands of users as well. Some of them, 
however, have such expectations which, if the principles of ‘Design for All’ and 
demographic changes are taken into consideration, legitimise the need for barrier-free 
designs. Thus, enabling people who are colour-blind to freely obtain information is also 
involved in this. 

With the appearance of the Internet the speed information has greatly increased, social 
networks and online gaming communities have appeared. This dimension encompasses 
millions of users. Social networks as well as online games can be understood as virtual 
worlds.  

I have been engaged in two main research areas during the last two decades. The first 
area focuses on the topic of colour-fidelity display concerning computer software, the 
second on designing barrier-free applications. The two areas are closely related as minimum 
10% of users tend to show a certain degree of impairment, a large propotion of it being visual 
in nature. [71] This observation necessitates the present Theses to have two different areas:  

 one of them is the colour-fidelity of virtual reality-based games and designing colour 
correct web pages, 

 the other one is the area of software ergonomics, especially barrier-free design so 
that anyone can easily use the particular software, web page. These can be either 
games or educational materials or health, medical IT rehabilitation applications. 

Virtual Environment (VE): a synthetic, spatial (usually 3D) world seen from a first-
person’s perspective with real-time control of the user. In some literature, Virtual Reality 
(VR) and Virtual World are more or less synonymous with Virtual Environment (VE). [72] 
More specifically, VEs are distinguished from other simulator systems by their capacity to 
portray three-dimensional (3D) spatial information in a variety of modalities. They are able 
to exploit the user’s natural input behaviours for human-computer interaction, and their 
potential to “immerse” the user in the virtual world. [68] The effects of human differences 
in immersive VR environments is a cutting edge research topic. [69] Inside this area, the 
colouristic features of small and large surfaces can be a new research topic validated by 
many real-life experiments and researches. [73,74] 
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More and more online three-dimensional (3D) games are to be found these days. 
According to Steinkuehler, the current global player populations of the most popular three 
games that she has studied over the past few years totals over 9.5 million – a population 
which rivals, e.g. most US metropolises. [75] However, there is an ever expanding gap 
between game heroes and the characteristics of real-life people. This difference is reflected 
in the choice of colours as well. Kids and youngsters are playing more and more VR games.  

It was proven as an interesting hypothesis, whether the colorization of VR games has 
any influence on the users’ memory colours. For this reason, I was aimed at studying the 
colourisation of different VR games, then I compared and contrasted the results with 
memory colours found in the scientific literature. [76,77] 

The study of cultural differences has become an emerging field of research over the past 
decade. Cultural differences have an impact on human interaction with information. [78-80] 
In the last 1.5 decades I have been conducting researches on cultural differences concerning 
colour theory. It is widely known that colours may influence human emotions and feelings 
in the sense that some colours may make one happy, while some colours may evoke 
depression. [81]  

Cross-culture studies indicate that different cultural groups show different responses and 
preferences to colours [82], and colour combinations [81,83]. Sato el al. [84] conducted 
surveys based on three characteristics: the influence of colours, chroma, and the relation of 
warm-cool colours. Smet et al. [85] carried out colour memory tests in different continents. 
It is clear to see from these few researches that colour test are often psychophysical 
experiments as well. 

Multimedia applications often use graphical drawings instead of photographs because 
they can be more efficiently moved and stored. In many cases users regard pictures with 
fewer colours appropriate for use. In case of virtual reality (VR) simulations (most 
importantly those for purposes of therapy), a more realistic visualisation is required. Graphic 
designers – 3D modellers – have to choose from a great amount of hues representing 
qualities. Most multimedia programs enable a wide range of colours from their own palette 
but they do not provide adequate instructions as to how and where these colours are worth 
applying. Formerly, it was the task of graphical designers to colour pictures. Nowadays this 
task is being passed onto IT engineers – more frequently called animators – programming 
animations. Pictures have an aesthetic value as well, which means that the chosen colours 
cannot clash and that they have to be in harmony. There are several guiding principles 
regarding colour harmony. [86] When it comes to virtual museums, one could expect that 
paintings and other pieces on display are shown realistically. 

Among the previous scientific researches, I must mention our multimedia-enhanced 
teaching resources as well. [1] One of the key areas of colour research is how users with 
some colour vision deficiency see software user interfaces and web pages. As populations 
expand so does the number of people with colour vision deficiency. [87,88] This is not 
negligible as it means hundreds of millions of people. Therefore, when designing software 
we must make sure that the colours used are harmonious and that the used colours are visible 
for a user with colour vision deficiency. In other words, they should be able to use the given 
software or website without problems. 

The research in the field of barrier-free design has boosted recently. There is a growing 
number of publications and several important applications. Due to length restrictions, these 
will not be listed here [89,90]  (apart from a collection of my publications) [2,3,30-33,55], 
and I would rather support the actuality and importance of barrier-free design based on data. 
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Most software engineering companies have not been developing products for users with 
special needs because they do not see a potential market in these users. However, figures 
have proven that at least 10% of the world’s population features some kind of 
impairment.[71] This number is estimated to reach 14% in the USA, and 65% of the 
population older than 65 years is to become handicapped. Disabilities correlate with age. In 
developed societies more and more people turning older than 75 are likely to have some 
kind of impairment. This group will comprise 14.4% of the population by 2040, compared 
with 7.5% in 2003 – it is almost a twofold increase. [104] 

Another fact is that by 2020 25% of the EU’s population will be over 65 years. Money 
spent on pensions, health and long-term care is expected to increase by 4-8% of the GDP in 
the forthcoming decades. These expenditures will triple by 2050. Let us not forget that the 
combined wealth of older Europeans is more than €3000 billion. [105] So if a company does 
not respond to launching barrier-free products, it is going to lose a great deal of potential 
customers/users.  

New solutions are needed for the daily care and health monitoring of the elderly, who 
may not be able to move out of their homes [106], e.g. digital services for healthcare and 
social care at distance. [107] 

Barrier-free Internet and software is an essential part of this process. It is not an easy 
task to make the Internet, software and VR applications barrier-free. The existence of the 
principles and standards of universal design/Design-for-All is not everything. [89,90] The 
regulations for a barrier-free Internet also seem inadequate. [108,109] The question is more 
complex if users’ special needs are also being taken into account. The reason why I have 
done much research is to compile a list of minimum requirements that should be considered 
by all software engineers and computer specialists for developing the newest software and 
websites. [2,3,30-33,55] 

Among the priorities of the European Commission we can find the simplification of 
modern digital contract rules, the promotion of access to digital content, and the 
enhancement online sales. [91,92] They wish to support digital market strategies in the 
member countries. Moreover, they are introducing new e-commercial regulations in order 
to make buying and selling goods inside the EU easier. [93] In Hungary people made an 
online purchase more than 22 million times in 2015. [94] The retail turnover rate in Hungary 
grew by 18% in the first half of 2016, compared with the data from the previous year, and it 
reached 131 billion forints. [95]  This number continues to grow. According to a survey of 
online sales with about 3,200 Hungarian web shops, domestic online retail reached a net 
annual turnover of HUF 425 billion in 2018, which is about 17% higher than the level in 
2017 and 4.5% higher than the total Hungarian retail turnover. [96] According to the sector-
level survey conducted for the seventh year, domestic online retail reached a gross annual 
turnover of HUF 625 billion in 2019, which was about 16% higher than the level in 2018. 
Online sales account for 6.3% of the total Hungarian retail turnover. [97] 

Additionally, more than half of online shoppers have already purchased from a foreign 
web store. [98] Hungarian consumers spent about 145 billion HUF gross in foreign 
webstores in 2019. [99] More than 50,000 new novice online shoppers appeared in a month 
and a half at the start of the epidemic. [100] 

We are not just looking at online commerce, but a much wider area of internet use. If we 
look at recent events, I mean, the pandemic caused by the COVID-19 virus, which made it 
necessary to stay home. Deeply concerned both by the alarming levels of spread and severity, 
and by the alarming levels of inaction, WHO made the assessment that COVID-19 can be 
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characterized as a pandemic on 11st March 2020. (WHO). [101] As the Covid-19 pandemic 
outbreak made working from home the norm for millions of workers in the EU and 
worldwide, a new analysis of the European Commissions’ Joint Research Center (JRC) 
explores the challenges that countries, employers and workers are facing in adapting to the 
new work-from-home environment. [102,103] 

Millions and millions of people have been forced to work from home and learn from home, 
not to mention telemedicine. This situation and the need for home offices also support the 
importance of making the Internet accessible. 

Economic analysts of Virtual Reality & Augmented Reality (VR/AR) estimate a growth 
by $182 billion in the next 10 years. It is made up of $110 billion from hardware and $72 
billion from software. Global augmented reality (AR) and virtual reality (VR) market is 
estimated to generate a revenue of USD 22.1 billion in 2020 and is expected to reach USD 
161.1 billion by 2025, witnessing 48.8% Compound Annual Growth Rate (CAGR) during 
the forecast period. The market is driven by the factors such as increasing responsiveness 
about this technology, rapid acceptance of AR and VR technology among various industry 
domains and the amalgamation of AR and VR to develop the mixed reality that can be 
implemented for prospective applications. [110] Economic analysts of Virtual Reality and 
Augmented Reality (VR/AR) estimate a growth by USD 182 billion in the next 10 years. It 
is made up of USD 110 billion from hardware and USD 72 billion from software. [111] The 
leading software companies, e.g. Microsoft, are more reactive to developing barrier-free 
software thus there is a growing need for barrier-free design in the game industry as well. 

3.7 million people reported playing some sort of video game in 2017, which constitutes 
58% of the Hungarian population between 18 and 65 years of age. The turnover of the sector 
in 2017– including video game, hardware and in-game purchases – exceeded 28 billion 
Hungarian Forints. There is a steady income of reinforcements, too: more than half of all 
children play some kind of video game, according to eNET’s latest research on gaming in 
2018 (Fig. 1.1). [137] 

The large number of this research raises additional questions in the field of colour design 
and accessibility. 

 

Figure 1.1. Research about Hungarian videogames player in 2017, adapted from [137] 

 

Believing that only young people play videogames would be a great misconception: in 
2018, people aged 65+ outnumbered children under five years old globally for the first time 

dc_1841_20

Powered by TCPDF (www.tcpdf.org)



 

5 

in history. [138] By 2050 over 16% of the world’s population will be 65 years or older. [139] 
According to Nielsen and even as far back as 2012, reports showed us that over 70% of US 
disposable income is controlled by individuals aged 65 and above. [140] This consumer age-
group is not a stranger to games. “Peak NES (Nintendo Entertainment System) sales” 
happened when they were in their 30s and 40s, with many of their children engrossed in the 
first generation of Mario and Zleda games. Furthermore, this age group is currently one of 
the most engaged mobile game player segments in the world as it is illustrated on Figure 1.2. 

The largest group of mobile gamers is 55+ (albeit this is also the largest age bracket 
within the data). [141] 

 

Figure 1.2. Mobile game player segments in the world, adapted from [141] 

 

Colour blindness correlates with age; 45% of people in their mid-70s, and up to 50% of 
those aged 85 or older, are reportedly colour blind. [141] 

To sum it up, from the demographic figures, the demands of users, digital game industry, 
and the e-commercial and e-health endeavours, we can see how inevitable are the barrier-
free software and Internet accessibility. In addition to all this comes the importance of colour 
fidelity as well. [5-8] 

The aim of the present Theses is to put forward solutions to the highlighted barriers 
and issues based on measurements and statistical analyses and to find answers to the 
users’ demands in order to provide them a higher standard of living. It offers testing 
methods, user-friendly solutions for colour-fidelity and accessible Internet and 
software designs.  

 

1.2 Structure of the thesis 

The outline of the dissertation is as follows. In my thesis I investigated two different parts 
of my research, therefore I structured it as the following. Following this short introduction 
Chapter 2 presents the fundamentals of my research, both in colour science and accessibility 
research. I also provide the definition of Virtual Reality (VR), Serious Games (SG), Human-
Computer Interaction (HCI) and Universal Design. This chapter also includes the 
methodological contributions of the thesis.  
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The scientific contributions of the Author are presented in Chapters 3-5. The researches 
of the new scientific results are written in the following three chapters as the main three 
thesis groups. Each of these chapters correspond to a Thesis Group listed in the Conclusion 
(Chapter 6), by giving the background of the selected problems and the main steps of the 
solution, particularly focusing on the validation of the new scientific results which is 
performed in experimental ways in most cases.  

Chapter 3 “Colour design and games” deals with the measurement of colours of the most 
popular virtual reality games in different categories and the influence of memory colours.  

Chapter 4 discusses “Web accessibility investigations” by measuring the most typical 
mistakes of websites both by automatic validators and experts’ questionnaire and 
recommendations to design and testing methodology.  

In Chapter 5 “Health informatics and universal design”, I provide a complex 
recommendation list and testing method and prove that accessible websites can be created. 

These chapters are structured in a similar way. In their first section a literature review is 
conducted. Afterward, the research questions and hypotheses are presented in their second 
section. Then the results and discussion are presented. In these three discussion subsections 
the hypotheses that are formed in subsections 2.2 and 3.2 and 4.2 are accepted or rejected. 
Based on the accepted or rejected hypotheses my theses are formed. Each research chapter 
is finished with a conclusion of the chapter. The fifth sub-chapter focuses on my theses.  

A short conclusion and a summary of the new scientific results are given in Appendix A, 
whereas Appendix B is the conclusion of the thesis in Hungarian. 

Appendix C is the detailed list of the publications where the author’s contribution of the 
Theses is clearly indicated. 
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Chapter 2 

Fundamentals 
_________________________________________________________________________ 

This thesis deals with selected problems of colour fidelity and accessibility. Therefore, 
definitions of terms are given which are used in the thesis. It is followed by the fundamental 
of colour science and accessibility standards, guidelines, and descriptions of the frequently 
used automatic testing tools.  
_________________________________________________________________________ 

2.1 Definitions 

2.1.1 Virtual Reality, Virtual Environment 

Defining Virtual Reality (VR) can prove to be a difficult task because there is no standard 
definition for it. It is said to be an oxymoron, as reality that does not exist. When we speak 
of “Virtual Reality” (VR) we refer to a computer simulation that creates an image of a world 
that appears to our senses in much the same way we perceive the real world, or “physical” 
reality. VR is a medium, a means by which humans can share ideas and experiences. We use 
the word experience to convey an entire virtual reality participation session. The part of the 
experience that is “the world” witnessed by the participant and with which they interact is 
referred to as the virtual world. [142] Many other names are being used interchangeably with 
VR; these include Virtual Environment, Artificial Reality, Virtual Worlds, Artificial Worlds, 
and Cyberspace. 

What is Agmented Reality (AR) and Mixed or Merged Reality (MR)? The difference 
and specialties are demonstrated in Figure 2.1. 

A virtual world is a subset of Virtual Environment (VE). VE is one of the mostly 
commonly used alternative terms for platforms otherwise known as virtual worlds. The 
similarity in terms draws on our existing conceptual frameworks of what it means for 
something to be virtual, meaning that VE has been a useful bridging term. However, they 
are distinct, and I argue that a virtual world is a subset of VE. There are many different types 
of VEs which users can explore such as simulations and whilst these environments might be 
world-like, they are not inhabited as previously described. Failing to clarify this relationship 
in the past has contributed to the over extension of the term virtual world, treating it as 
synonymous to virtual environment. [143] A VE is a component of a virtual world. Every 
world contains an environment for its inhabitants. In a virtual world, this is described as the 
VE. 

At the highest level, the taxonomy is presented in an abstract hierarchical structure 
represented by the four shaded boxes and their connections shown in Figure 2.2. This 
diagram depicts high-level relationships among the taxonomy’s four major areas of usability 
issues. The diagram also contains another level of refinement for each of these major areas, 
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shown as white boxes in Figure 1. For example, “VE User Interface Presentation 
Components” is refined into “Visual Feedback”, “Haptic Presentation”, “Aural Feedback”, 
and “Environmental Feedback and Other Presentations”. For every box within the diagram 
there is a corresponding table, which, in turn, presents specific usability suggestions and 
considerations. Arrows in the diagram represent “information” flow between user and VE. 
[144] 

 

Figure 2.1. The conception of VR, AR, and MR adapted from [145] 

 

 

Figure 2.2. An Overview of taxonomy areas 

Developing a virtual environment seems to be very difficult, complex work. Colour is 
part of the graphical presentation, computer graphics, virtual surrounding and setting. 
Barrier free or accessible design is in close connection with the users’ ability and the VE 
interface input mechanism. Moreover, we have to keep in mind the physical limitations that 
players of an older age can and do face. Therefore, I dealt with the colour fidelity and barrier 
free design in my thesis. 
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2.1.2 Human-Computer Interaction 

Human-Computer Interaction (HCI) is a multidisciplinary field of study focusing on the 
design of computer technology and, in particular, the interaction between humans (the users) 
and computers. While initially concerned with computers, HCI has since expanded to cover 
almost all forms of information technology design. [146] 

Interaction with human beings is increasingly recognized and promoted as an important 
aspect of software systems and products. More and more professionals in the computing 
industry e.g., Hefley [147], Kapor [148] call for integrating human-computer interaction 
(HCI) engineering with software engineering. 

According to Buie and Vallone’s thesis [149], the fields of HCI and software must 
interact and collaborate under a larger perspective that encompasses both. Each must 
develop a larger vision. The diagram in the Figure 2.3 indicates that HCI engineering and 
software engineering are separate but interact very closely. Not only do they exchange 
information, but each review and validates the other’s products to ensure both usability and 
feasibility. 

 

Figure 2.3. System engineering coordinates the activities of HCI engineering and software 
engineering. 

 

2.1.3 Serious Games 

Serious Games (SG) are electronic games whose main purpose is “serious” and not to simply 
entertain. The primary “serious” purposes can be to teach or train in areas such as education, 
semiformal educational settings, health care, advertising, politics, etc. [150] Digital games, 
simulations, virtual environments and mixed reality/media that provide opportunities to 
educate or train through responsive narrative/story, gameplay or encounters. [151] SG is 
built with pedagogical principles and education and training purposes, supported by gaming 
techniques and entertainment. [152] A classification referring to games that are specifically 
designed for a particular purpose. These games are often for education, training, and 
advertising, and are more often used in particular industries like health care and the military. 
[153] 

Initially, serious games were considered to be games with a purpose. The basic idea 
behind serious games is to hide important and time-consuming tasks behind a gaming veil. 
They are games that have scope beyond recreation. [154] 
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The idea of using games or game technologies for “serious”, e.g., educational purposes 
is as old as the idea of “learning games” but is not limited to those forms. As opposed to 
games designed for entertainment, serious games can be defined as computer games aiming 
towards an underlying second “off-game” goal that differs from in-game goals such as 
finishing a level or gaining high scores. Beyond the surface of gaming actions—or 
embedded into those—, serious games try to evoke learning processes or even complex 
experiences (e.g., through taking the perspective of political refugees, trying to bring them 
out of a danger zone). Computer game art can be seen as a related form of serious games, 
aiming, for example, towards open aesthetical experiences rather than following didactic 
concepts and defined learning goals. [155] 

 

2.2 Colorimetric fundamentals 

2.2.1 Colour 

The electromagnetic radiation reaching our eye and producing there a sensation is called 
colour stimulus. The sensation produces the colour perception in our brain. In scientific 
literature three components of colour perception are distinguished: brightness, hue and 
colourfulness: 

 Brightness: the sensation can be almost blinding strong, medium or dim and dark. 
 Hue is usually shown as a hue circle, where four distinguishable different areas are 

red, yellow, green and blue. A yellow hue can be reddish or greenish, but never bluish; 
a green hue can be yellowish or bluish, but never reddish, and so on (see: Figure 2.4). 
[156] One can define the hues between two fundamental (or unique) hue, as e.g. 
green, bluish green, greenish blue, blue. Sometimes for the hues that are somewhere 
in the middle between two unique hues special names are used:  

o Yellow – red: orange 
o Green – yellow: lemon 
o Blue – green: cyan or turquoise 
o Red – blue: magenta or purple 

 Colorfulness has been divided by MacDonald into a five-value scale: Starting with 
gray (achromatic) up to the most brilliant colour. If no hue can be determined for a 
colour then it is gray (or white or black). Thus, with increasing colourfulness one can 
speak about a gray, grayish, moderately vivid, vivid and very vivid colour perception. 

The communication of the colour perception can thus be made in the following form: 
The complexion of the person who stands in front of me is medium bright, moderately vivid 
and reddish yellow. [157]  

The colour stimulus can be described in a definite way using a colour order system. The 
colour solid contains all the realizable surface colours. There are several colour systems in 
use, some of them are the RGB, CMYK, CIELAB, NCS. We performed our measurements 
using the CIELAB system [112], because this is – contrary for example to the RGB or 
CMYK systems a non-device dependent system [113], it is the system now recommended 
by international standards. 158 It can be used not only for surface colours, but also for 
defining colours produced on computer monitor screens. Figure 2.5 shows this colour system 
as a three-dimensional body, with the lightness (the brightness of surface colours), chroma 
(representing colourfulness) axes and hue circle (or a*, b* axes to describe chroma and hue) 
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where the hue is measured as a hue angle. In the CIELAB colour system one can describe 
the colour with the L* lightness and the a*, and b* co-ordinates (in Figure 2.5 we show the 
a*, b* sections as two-dimensional planes). The a*, b* co-ordinates describe the amount of 
redness – greenness, and yellowness – blueness. 

 

 

Figure 2.4. Opponent colours and colour notation in the NCS colour system [156]. 

 

Figure 2.5. Three-dimensional graph of the real surface colours, in the system of 
lightness, chroma and hue. 

Visually the difference between two colours is described by saying: large, medium and 
small. In the CIELAB system, the colour difference can either be described as the Euclidian 
distance between the two points representing the colours in the three-dimensional space, or 
can be described by the lightness difference (ΔL*), hue angle difference (Δhab), chroma 
difference (𝛥𝐶௔௕

∗ ) where  

hab = arctan(b*/a*),                                                     (2.1) 

and  
                                                             𝛥𝐶௔௕

∗  chroma diffrence (𝐶௔௕
∗ = (𝑎∗ଶ + 𝑏∗ଶ)1/2)                      (2.2) 

  and 

In case of the L*a*b*space, the difference between two colours is calculated by the formula: 

….𝛥𝐸௔௕
∗ =((L2*-L1*)2+(a2*-a1*)2+(b2*-b1*)2)1/2            (2.3) 
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The interest and demand for the calculation of colour difference increased with the 
introduction of a standard observer to colorimetry in 1931 by the CIE, because it allowed 
for accurate determination of the tolerance of prints, colours, materials, inks, images, and 
multimedia equipment calibration. CIE has defined a colorimetric Standard observer, to 
allow for describing the colour via numbers. It represents the average person with normal 
colour perception. The CIE has defined two standard observers with different observation 
angles: 2◦ and 10◦ (1931 resp. 1964). An observer with the angle of 2◦ corresponds to the 
observation of an object with a small size (using an optical instrument), while an observer 
with the angle of 10◦ corresponds to the observation of an object in normal conditions. 

As is well known, it is generally accepted that for images a 𝛥𝐸௔௕
∗  value between 2 and 3 

is just perceptible; thus, we accepted colour differences of 𝛥𝐸௔௕
∗  ≈ 2, ..., 3 as indicative of a 

good reproduction. [7]  

A standard observer sees the difference in colour as follows, [159,160] when:  
0 < ∆E < 0.5 - observer does not notice the difference, no or hardly noticeable the difference, 
0.5 < ∆E < 1.5 - only experienced observer can notice the difference, barely noticeable 

difference,  
1.5 < ∆E < 3.0 - unexperienced observer also notices the difference, noticeable difference, 
3.0 < ∆E < 6.0 - clear difference in colour is noticed, clearly visible difference, 
6.0 < ∆E < 12.0- observer notices two different colours, large difference. 
 

2.2.2 Memory colours of well-known objects 

The term memory colour is used for the colour of well-known, often seen objects, as in our 
brain we attach a colour to the given object. Memory colours are well stabilized products 
of our memory. They are colours we will pick from a high number of colour chips if one is 
asked to show the colour chip resembling the colour of human complexion, or sky blue, etc. 
Table 1 shows the L*, and hab* values of some memory colours [35]. 

Table 2.1. Memory colours for well-known objects according to different authors 

Memory colour L* hab* Reference 

Caucasian skin 79.5 32.9 [114] 

blue sky 54.0 238.8 [114] 

green grass 50.0 138.5 [115] 

Asian skin 63.9 49.0 [161] 

deciduous foliage 33.6 145.3 [114] 

 

2.2.3 Colour harmony 

The harmony of colours and proportions play an essential role in the appearance. Although 
many authors tend to neglect these issues, numerous scientific research studies are 
concerned with this field. All this is based on the colour perception of the eye, which, 
however unconsciously, may have an influence on users’ decisions [15].  
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Scientists and artists over the last centuries [162-165] and nowadays [166] developed 
colour order systems where they defined rules to establish harmonic sets of colours. These 
colour harmony studies were based on the orderly arrangement of colours in the colour 
order system. The second group of authors [165,167] defined colour harmony as an 
interrelationship of colours. The main principles of these studies are “complementary” and 
“analogous” but these concepts are not consistent among the studies. Also, the colour wheel 
was often adopted as a tool to define these basic relationships. Judd and Wyszecki [168] 
define colour harmony as a more universal concept: “when two or more colours seen in 
neighbouring areas produce a pleasing effect, they are said to produce colour harmony”. In 
addition, there is no consistency among the principles and the keywords of colour harmony: 
it is completeness according to Goethe [165], order according to Nemcsics [166] and 
Chevreul [167] and balance according to Munsell [163]. Many other effects (i.e. age, 
cultural background) of colour harmony feeling have yet to be investigated. 

The harmony of hues is also represented in many art and design textbooks with reference 
to hue circles. Figure 2.6 illustrates four ubiquitous schemes [86]. 

 
Figure 2.6. Four typical geometric relationships: monochromatic (a), complementary 

(b), analogous (c), split complementary (d). 

 monochromatic colour harmony (where colours are chosen with the same or nearly 
the same hue) “Figure 2.6 a”; 

 complementary colour harmony (this is always represented as referring to opposite 
colours on a hue circle) “Figure 2.6 b”; 

 analogous harmony (where colours are chosen with similar hues) “Figure 2.6 c”; 
 split-complementary harmony (where there are basically three colours, with two 

being either side of the complement of the third in the hue circle) “Figure 2.6 d”. 

In visual experiences, harmony is something that is pleasing to the eye. It engages the 
viewer, and it creates an inner sense of order, a balance in the visual experience. When 
something is not harmonious, it is chaotic. At one extreme is a visual experience that is 
so bland that the viewer is not engaged. The human brain will reject under-stimulating 
information. The human brain rejects what it cannot organize, what it cannot understand. 
The visual task requires that we present a logical structure. Colour harmony delivers 
visual interest and a sense of order. Extreme unity leads to under-stimulation, extreme 
complexity leads to over-stimulation. Harmony is a dynamic equilibrium [57,58].  
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2.3 Web accessibility standards and validation tools 

Providing a barrier-free Internet, software and VR applications is a challenging task. 
Already existing principles and standards of universal design/Design-for-All cannot 
guarantee accessibility, per se [89], and the fact that providers overlook these regulations 
further delays the introduction of a barrier-free Internet [169]. In 1999, the World Wide Web 
Consortium published the Web Content Accessibility Guidelines WCAG 1.0 [108]. Web 
Content Accessibility Guidelines, WCAG 2.0, was released in 2008 [109]. To complete 
WCAG 2.0, the researchers recorded the number of known problems identified for A, AA 
and AAA level guidelines. While WCAG 1.0 contains 14 guidelines with 62 checkpoints at 
3 priority levels, the WCAG 2.0 has only 4 principles with 12 guidelines. Both have 3 levels 
of conformance: A, AA, AAA. Both provide technical advice. 

The main principles and structure of WCAG 2.0: 

 Principles – Top 4 principles. 
 Guidelines – 12 guidelines provide the basic goals. 
 Success criteria – For each guideline testable success criteria are provided. Three 

levels of conformance are defined: A (lowest), AA, and AAA (highest). 

Several other guidelines based on WCAG 2.0 exist. For example, the standard in Canada 
is the Standard on Web Accessibility, [170] which follows the WCAG 2.0 guidelines. The 
Web Content Accessibility Guidelines for Japan, called JIS (Japanese Industrial Standards), 
was released in 2004 [171]. Recognizing the growing demand for an accessible internet, 
more and more countries pass legislation concerning accessible digital information. 
Countries frequently support and adopt WCAG 2.0 by referring to the guidelines in their 
legislation [172-175]. The USA, furthermore, specifies that all Federal electronic media 
must be made accessible to people with disabilities. WCAG2.0 AA standard has been 
approved as an appropriate standard for accessibility by the U.S. Department of Justice in 
multiple settlement agreements [176,177]. The European Parliament approved a draft in 
February 2014 which states that all websites in the public sector have to be developed to be 
accessible for everyone [178]. This European standard, called EN 301 549 V1.1.2, describes 
relevant accessibility requirements. The problem of accessibility is twofold at this juncture. 
Firstly, not all member states have harmonized their accessibility laws with that of the 
European Union, even though it was expected to take place by September 2018. Secondly, 
not all public sector websites had been able to comply with guidelines by September 2018. 
The next goal is that mobile apps in the public sector should comply by June 2021 [178,179]. 
Although the newest version of WCAG, the WCAG 2.1 [180,181], was released on 5 June 
2018, there is no suitable, efficient automatic test tool based on these guidelines. 

There are several automatic testing tools available on the World Wide Web Consortium 
webpage (w3.org). As people do not like to give their personal details and download any 
software to their computers, unfortunately most of them are not free, or the user has to log 
in order to use the testing tool, or user has to download it. Some others are not in English. 
As a result, the number of relatively good-performing test software which can be used freely 
in the cloud is rather limited. Based on my several years of experience, AChecker [121] and 
Nibbler [126] automatic testing tools are still reliable and free, and do not require installation 
or logging in. 
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AChecker [121] and Nibbler [126] are automatic testing tools. AChecker is a free tool 
that checks single HTML pages for conformance with accessibility standards to ensure that 
the content can be accessed without limitations [121]. AChecker diagnoses known problems, 
likely problems and potential problems with their levels of conformance based on WCAG 
2.0. Nibbler is a free tool for testing websites; it generates a report scoring the website on a 
scale of 10 for key areas including accessibility, SEO (search engine optimization), social 
media and technology [126]. Figure 2.7 and 2.8 present screenshots featuring AChecker 
(Figure 2.7: before testing, Figure 2.8: test results) and Figure 2.9 introduces the Nibbler 
automated tool. To improve the depth of the present research we extended our automated 
tests by interviewing users in the framework of a questionnaire.  

Despite the fact that both AChecker and Nibbler automatic are very effective, there were 
a number of cases in which they rather badly affected our research process. Some of the 
issues that influenced measurement and/or evaluation include test situations in which 
AChecker or Nibbler being unable to measure and detect certain human needs. Websites 
with a traditional blind version (yellow letters on a black background), for instance, are not 
refreshed frequently. Webmasters tend to forget to make new information available, 
consequently, those websites are likely to contain outdated information. Certain buttons lose 
their functions over time, which may make users confused. Automatic test tools, to move 
onto another area, do not measure color vision problems well enough. At times users of low 
or impaired can hardly read CHAPTA figures (an audio version remedies this problem). 
Considering further user groups with accessibility issues, blind users or those who have 
motion problems with their hands use a special keyboard or just the TAB key to navigate. If 
one button or submenu is not available by the TAB key, the website becomes unsuitable for 
further use. These are the main aspects that it is necessary to test websites manually, 
therefore we wanted our experts to investigate in a questionnaire based on our earlier 
experiences in the field.  

 

 

Figure 2.7. Screenshot of the AChecker automated tool (at the beginning of the test) 
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Figure 2.8. Screenshot of the AChecker automated tool (after the test, showing the 
results) 

 

Figure 2.9. Screenshot of the Nibbler automated tool. 

 
 

Figure 2.10. WEB-site as it is seen by a colour deficient user with protanomaly. 
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2.4 Methodological contributions of the theses  

I got the results summarised in my Theses using the methods conventionally recognised by 
a narrower area of specialisation. During my research, I was going for objective tests and 
measurements whenever I could.  

In Chapter 3 for the Thesis group 1, calculations are based on the CIELAB colour space, 
see Chapter 2.2 Colourmetric fundamentals, mainly 2.2.1 Colour and 2.2.2 Memory Colours 
of Well-Known Objects subchapters. 

Visual-psychophysical experiments can be carried out with the application of different 
psychophysical methods. The experiments concerning the colour theory are, on one hand, 
based on objective methods of measurement: 

 the use of the Eyedrop tool of Photoshop, 
 the application of a measuring instrument: X-rite Eye-One (i1), Minolta, Spectrascan 

spectrocolorimeter, 
 test software developed by my supervised students, 
 Microsoft Excel data analytics tool, 

and on the other hand, the colour memory tests are based on subjective psychophysical 
measurement.  

As for the fields of Human-Computer Interaction and software ergonomics, I have taken 
measurements questioning barrier-free design, first, utilising the following: objective 
methods, test software of my students supervised by me, and an international validation 
software; and last but not least, I have carried out surveys on the user interface and usability 
of games made by my students. 

In Chapter 4 for Subthesis II/1 my research is based on the WCAG 2.0 [109] standards. 
For the suggested measurements and testing methodology I have used different colour-
blindness simulators: (ASP.NET) [119], (ETRE) [117], (Coblis) [118], ColorOracle 
(ColorOracle) [120] and the SEE [122] web-application. For automatic testing I used the 
AChecker [121] testing tool. Moreover, the human investigations were made with the 
Variantor [123] special glasses by answering a questionnaire. Unfortunately, the AChecker 
automatic testing tool does not add together the problems by criteria therefore I have 
developed software for this calculation. 

In Chapter 4 for the Subthesis II/2 my research is based on the WCAG 1.0 [108] and WCAG 
2.0 [109] standards. For the first research the WebXACT validator [124] and XValid own 
software [17], and for the second research the AChecker [121], and the Nibbler [126] 
automatic testing tools were used. In addition, I designed a human questionnaire. 

In Chapter 4 for Subthesis II/3 the research is based on the literature review and the above-
mentioned testing tools. 

I put a great emphasis on how to universalise and scientifically comprehend the typically 
empirical data and results produced during my research via application or experiment. 

 For the analysis of these data, the statistical program package R (R version 3.5.0.) 
was used. 

In addition to basic statistical calculations performed by using the data gained by 
questionnaires, I investigated the equality of the ratios of the websites satisfying certain 
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conditions. In these cases, hypothesis H0 was the equality of the two proportions and the 
alternative hypothesis was supported by all other values. For investigating the link between 
two quantities we applied Pearson correlation coefficients and hypothesis H0 was confirmed 
with a value of zero as then the independence of the variables is true in terms of their Gauss 
distribution. Rank correlations were investigated as well by testing the zero value of the 
Spearman rank correlation coefficient. Finally, clusters were made from the countries to see 
the similarity in groups. For this purpose, the generally accepted k-means clustering 
algorithm was applied. All statistical computations were made by the statistical program 
package R. My recommendations in the Thesis group II is based on these statistical analyses. 

In Chapter 5 for the Thesis group III, the research is based on the literature review and 
my own developed testing questionnaire. The last subthesis III/2 is the practical 
implementation of the previous subtheses. 

I have given thorough description of projects involving international cooperation, 
laboratory experiments, and methods and questionnaires made for educational and 
rehabilitation observation in the publications indicated among my Theses. One of my main 
objectives was how and to what extent may software ergonomic principles be introduced in 
everyday software design practices. 

Since I obtained my Ph.D. the Theses have been completed by new research and new 
findings. Apart from few publications on the results of our collaborative work with Professor 
János Schanda, most of the publications feature my collaboration and work as supervisor in 
connection with B.Sc and M.Sc. students and in one case a PhD candidate. All contributors 
and co-authors are indicated in the present research.  

Particular theses include these publications in a more or less chronological order. I have 
listed 70 selected original publications (due to length restrictions) produced over the past 1.5 
decades, however, there have been several other writings that demonstrate the validity of 
my hypotheses. (The unlisted publications are available online at MTMT.) 
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Chapter 3 

Colour design for games 

 

 

This chapter is based on my previous publications: a journal paper [9], two publications in 
conference proceedings [34, 35] and four book chapters [56-59].  

In the first part of this chapter the research of colour measurement of games is analysed.  

Illustrated colour of known objects in Virtual Reality (VR) games for various games 
exhibit characteristic differences. In the first part of our analysis we studied the cartoons’ 
colours, with a great emphasis on whether there are any cultural differences. Coloration of 
well-known objects depicted in cartoons originating from different parts of the world show 
characteristic differences. We analysed several soft-copy and hard-copy cartoons form all 
over the world and determined what colours the designer use for complexion, sky, water, 
soil, etc. We continued with the study of VR games’ colours. We analysed eight game 
categories’ colours and determined which colours the designer used for skin, sky, water, 
grass, etc. These colours were compared with the prototypical memory colours and cartoon 
colours of these objects. The research quantifies these differences and provides advice to the 
VR games to be tinted if they are intended for a specific region of the world and specific VR 
games. In the second phase of the research such images of films, which were the equivalent 
of VR games are analysed. The staining of these films was compared to the corresponding 
colour of VR games and memory colour display object. 

In the second part, an investigation of memory colours is described. For this 
investigation Flash test software was developed. 75 observers used this test software in 4 
groups: average elementary school children (aged: 8-9 years), intellectually disabled 
children (age: 9-15), virtual game addict university students (average age: 20) and university 
students who play with VR games rarely or never (average age: 20). In this pilot test we 
investigated the difference of memory colours of these 4 groups. 

For the first research detailed quantitative evaluation is performed on more than 10 
thousand measurement. For the second research the detailed quantitative evaluation is based 
on the users’ colour choices. 

_________________________________________________________________________ 
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3.1 Colours of VR games 

3.1.1. Introduction the colours of VR games 

Many books and articles deal with the question of how colours influence the mood of people 
seeing them and how, e.g. in a picture the mood of a person can be expressed in colours. 
For artists, colour was always a vehicle to express moods [182]. Panton, as an artist, even 
gave the title of his booklet: “Choosing colours should not be a gamble. It should be a 
conscious decision. Colours have meaning and function” [183]. Hutchings [184] discussed 
the use of colours during the ages and pointed out that there are cultural differences that 
should be taken into consideration. Robertson and his colleagues [185] found evidence of 
cultural and linguistic relativity, among others in colour categorization. Analysing ninety-
eight languages Berlin and Kay [186] found that eleven colour words act as focal points of 
all the basic colour words in all languages of the world. This set of eleven seems therefore 
to be a semantic universal. Basic colour words are translatable. These basic colour terms 
are in English: red, orange, yellow, green, blue, purple, pink, brown, grey, black and white.  

Colour perception has been a traditional test-case of Whorf’s principle of linguistic 
relativity [187,188], i.e., the idea that speakers of different languages perceive and process 
reality and the world differently, influenced by lexical and grammatical distinctions specific 
to their language [189]. The vast majority of empirical research in the past 17 years has 
supported the notion [190] that language acts an attention-directing mechanism in the 
cognitive processing of colour, in both offline similarity judgments [185,188] and online 
perceptual discrimination [191-193]. 

Duncan and Nobs [194] investigated the interrelationship between human emotions 
induced by colours and their psychophysical stimuli and found differences between 
emotional colour scales established in Europe and the Far East. Szabo developed predictive 
mathematical models of colour harmony [195] to quantify colour harmony impression of 
observers and a new light source quality metric called Harmony Rendering Index [196] 
based on these formulae. 

Multimedia applications usually use graphical drawings instead of photographs, because 
they can be more efficiently moved and stored. In many of the cases users regard pictures 
with less colours appropriate for use. For VR games’ simulations it is enough to use 
homogenly designated pictures, like in the programs for treatment of some kinds of phobias. 
These pictures will henceforward be called cartoon-like pictures, graphical pictures or 
simply cartoons.  

The graphical designer has to choose from a great amount of hues representing qualities. 
Most of the multimedia programs enable a wide range of choice of colours from its own 
palette, and also gives some instructions how and where these colours can be used. 
Previously the colouring of the pictures was the task of the graphical designer, who learnt 
his profession. Today, this task is made by the IT engineer programming the animation, or 
more frequently called animator. 

The pictures have an aesthetic value as well, which means that the chosen hues cannot 
clash and that they have to be in a harmony. There are several guiding principles regarding 
the harmony of colorization. 

In our research we give instructions how to set the colours of different qualities (objects). 
We created a database, which contains hundreds of pictures’ colours from different cultural 
regions. We categorized hundreds of pictures that are paper-based (henceforth hard-copy) 
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or pictures from the internet (henceforth soft-copy) and also, we measured the colours of 
their different qualities. We evaluated six important and most frequently used qualities (face, 
grass, sky, lake, foliage, tree-trunk) from four different cultural regions. We compared the 
results with the memory colours. 

The above investigations were performed either on single colour patches or tried to 
elaborate on historic findings. We were seeking a different way to be able to compare the 
preferred coloration of well-known objects by present day population – especially young 
people – coming from different cultural backgrounds. VR games are popular among children 
and young people all over the world. They are not only popular but have proved effective 
when used in special education to teach independent living skills [197,198] and more latterly 
by ‘modding’ popular games engines (such as the Source engine as used in Half-Life 2) to 
teach employment skills. [22,199]  

A lot of 3D games can be found nowadays. There is a huge difference between the 
properties of game heroes and the properties of real humans. This difference can be seen in 
the choice of colours to depict the heroes and their surroundings, which is far from what we 
can see in our everyday life and our environment. The usage of these computer games by 
children is getting longer and longer every day. The main question can be, whether the 
colorization of these games have any influence on the children’s colour sense? If we want 
to answer this question, we have to analyse the input, the colours which are used in games. 

The effects of human differences in immersive VR environments are a cutting-edge 
research topic [200,201]. Inside this area, focusing on cross-cultural aspects is our promising 
target. 

These games are used on PC or laptop. In this case there are non-immerse VR games. 
The users observe these games under approximately 30° visual angle, thus in this respect it 
is immaterial that people do not see colours outside of approximately 100° horizontally [202]. 
Another question is if the player uses these games using a Head Mounted Display (HMD). 
Field of view (FOV) of the HMD gives the world builder yet more compromises to make. 
Although theory is limited, narrow FOVs may hinder task performances such as 
maneuvering, grasping objects and locating moving targets [203]. Wider FOVs may 
improve performance and also feelings of involvement and presence, but this comes at the 
expense of greater weight and size of the HMD and possibly worse image resolution [204]. 

Virtual reality games are popular among children and adolescents around the world. The 
colouring of the heroes and the environments in VR games are very far from the average 
person and the real environment. Children play VR games every day, so these games will 
affect the aesthetics of the children. A question could be: Why are we not paying more 
attention to the child’s experience to ensure the right coloration of virtual worlds: in this 
context? Do designers and programmers need to pay due attention to these colours in the 
virtual world, or not? 

The hypothesis (HI/1) could be formulated: Virtual worlds are not displayed with 
realistic colours (i.e. closely resemble real object colours). Cartoon artists and VR game 
developers use unrealistic colours. 

 

3.1.2.Measuring method 

3.1.2.1 Cartoon’s picture samples studies 
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In our investigations we had to restrict ourselves to pictures where the theme of the picture 
has some resemblance to the real world, i.e. pictures were not considered, where the 
coloration was far from what one would accept as a “natural” colour of an object.  

At the start of our research, we posed the question, where can we find hundreds of 
pictures that can appear everywhere in the world? How can we map the pictures that were 
created by graphical designers during the last decades? The solution was to use are the 
cartoons, both in hard-copy and soft-copy. As a first step we collected hundreds of graphical 
pictures (henceforth we call them cartoons). To achieve our aim, we tried to categorize them 
according to cultural regions. The most important categories are the following: European 
(historical), American (hero, combat), Japanese (so called manga) and Australian (family). 

The European carton designers love to depict historical themed stories, here we have 
also listed the depiction of literary works and situation comedies. These are stories like the 
French “Asterix and Obelix”, or the Hungarian “Mátyás király” (King Matthias, “A Pál 
utcai fiúk” (Paul street boys), or the English “Tom Sawyer or Huckleberry Finn”, etc. 
Regrettably the real Hungarian cartoon designers have disappeared, however we were able 
to find a web site (http://rajz.film.hu/), where they wish to restart making the traditional 
cartoons with a help of project funding.  

The Americans prefer completely different types of stories. These are called ‘combat’ 
cartoons (Spiderman, Robocop, Superman). In an American cartoon the depiction is 
completely different from the one we know in Europe. The figures are sketchy; we can feel 
the movement and dynamics on them. It is interesting to note that in these cartoons the 
facial and body forms are depicted in the most natural way. The scenery however is not as 
important, mostly they depict a figure with a simple one colour background. The Europeans 
however give the background nearly the same prominence as the characters. 

The cartoons which are preferred by the Japanese are the most interesting. The Japanese 
cartoon designers do not present their characters on the basis of their cultural background. 
The characters, who are mostly children, are tall, have long legs, big colourful eyes and 
hair, and very pale complexion. On the basis of the previous knowledge, we can 
unequivocally divide these cartoons from the previous categories.  

We assessed some samples from Australia, but we could not really categorize them. So, 
we created a new category, based on the Australian type (family). The Australian cartoons’ 
characteristics are nearly the same as we find in the European or the Japanese types, the 
figures and the background are clearly distinct. The scenes are mostly in the present, they 
are fabular, the colours are natural, there are no unnatural hues, such as people green or 
purple hairs. 

There are cartoon series that have a global distribution, and where prints are made in 
different countries. One of these is ‘Asterix’ that has more the 100 translations. Just to get 
a feel for on the differences publishers choose for complexion colour we summarized 
complexion colour of “Cleopatra”, one of the cartoon characters in the series No. 6 “Asterix 
and Cleopatra” depicted in the Cover Galery of Asterix International in Figure 3.2. We just 
inserted the pictures in a graphics program that enabled “eye-drop” technique to fetch the 
colour into the program’s colour management. As we were interested only in the relative 
differences between the particular editions, we used the default setting of the program. 
Table 3.1 shows the results in increasing CIELAB lightness. As can be seen the Swedish 
and the American editions use low CIE 1976 lightness, in case of the American edition 
extremely high CIELAB chroma was found. The next higher lightness was found for the 
Turkish edition, where the CIELAB hue angle is at the reddish extreme. The Hungarian, 
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Russian, Greek and German editions show complexion colours of higher lightness and low 
CIELAB chroma. The latter two are also between the most yellowish ones. 

As we have downloaded the above samples from the Internet, we have no information 
on eventual distortions produced by the scanner at the input site, neither on the actual state 
of the pages scanned. Therefore, we do not want to draw major conclusions from this part 
of the study; it should show only that even for the same fundamental picture if reproduced 
in different countries colour differences would be seen that might be coupled to the regional 
preference. To gain a better insight into the regional differences we investigated cartoons 
received from different parts of the globe, and compared the colouration used for a number 
of representative objects. 

Table 3.1. CIELAB co-ordinates of some complexion colours of Cleopatra in the Asterix 
and Cleopatra series of the Asterix International Cover Galery 

Edition L* Cab* hab* 

Sweden 64 76 42 

USA 67 107 46 

Turkey 67 71 37 

Brazil 70 74 46 

Italy 70 76 42 

Korea 71 77 48 

United Kingdom 74 62 52 

The Netherlands 74 84 48 

South-Africa 76 64 47 

Hungary 78 51 42 

Russia 82 50 47 

Greece 83 52 67 

Germany 85 48 56 

 

3.1.2.2 The investigated representative hard-copy cartoon colours 

Cartoons assessed were from Australia, Europe, Japan and the USA. With the help of a 
small CCD array based spectroradiometer we determined the spectral reflectance properties 
of small homogeneous patches (approximately 3 mm diameter) using incandescent lamp 
illumination and 45°/0° measuring geometry. CIELAB values were calculated for D65 
illuminant and 2-degree standard observer. 

Analysing a high number of cartoons, we determined the coloration of the following 
objects:  

 fair, suntanned and dark complexion, 
 black, blond, brown and red hair, 
 clouds and sky, 
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 tree trunk, grass, foliage, 
 soil, sand and water (lake),  
 concrete.  

The data of six object colours follows: complexion, sky, tree trunk, grass, foliage and 
water (lake). For better visualization Figure 3.1 shows average values and standard 
deviation ellipses for three-three of the six colours analysed. 

 

Figure 3.1. Typical complexion, grass and sky CIELAB values, depicted on an a*, b* 
diagram, L* values are written in the vicinity of the standard deviation ellipses, shown in 
blue for American, in green for Australian, in red for Japanese and in yellow for European 
hard-copy cartoons. 

As an example, we can see one edition of Asterix’s (original) cover (Figure 3.2).  

               

Figure 3.2. Cover released in Hungary (left side) and cover from France (right side) 
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3.1.2.3 Representative soft-copy cartoon colours 

Similar investigations as described in the previous paragraph were performed on additional 
cartoon pictures found on the Internet. The only difference in this case was that the CIELAB 
co-ordinates were not measured in our laboratory. We supposed that the cartoons were put 
onto the Internet using sRGB colour space, and thus we have set our graphics program to 
this default state and determined the CIELAB co-ordinates using the eye-drop facility of 
the program. Here again we show in Figure 4 average CIELAB values and standard 
deviation ellipses for three-three of the analysed six colours. 

 

Figure 3.3. Typical complexion, grass and sky CIELAB values, depicted on an a*, b* 
diagram, L* values are written in the vicinity of the standard deviation ellipses, shown in 
blue for American, in green for Australian, in red for Japanese and in yellow for European 
soft-copy cartoons. 

Table 3.2 Numerical data of hues of objects on the Hungarian and French covers  

Object  L* a* b* 

Grass 
HU 80 -36 59 

FR 50 -36 52 

Sky 
HU 88 -27 -18 

FR 69 -10 -46 

Face 
HU 87 12 23 

FR 73 34 35 

Rock 
HU 57 34 22 

FR 57 15 4 

Moustache 
HU 96 -14 79 

FR 88 -3 82 
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In Table 3.2 we can see the differences in use of hue between the two pictures. One of 
the most noticeable differences is that the Hungarian copy uses lighter colours. During the 
analysis of the grass colour there is was not a great difference between the a* and b* value. 
However, the other values show some characteristic differences, the “Hungarian” sky is 
greenish, the rock is brownish. The French face is reddish and darker. 

According to the data shown above, we can assess, that we can get realistic results from 
the measurement of the hues of objects, if the models were made in equal conditions. For 
this reason, we collected cartoons from other parts of the world. We collected cartoons from 
Australia, Japan, Korea, America, and France. Unfortunately, there are no cartoons on the 
market that has been drawn and printed in Hungary. We decided not to analyse cartoons of 
twenty years or older as the quality of paper and the printing technologies have changed so 
much over the past decades, and our results could not be compared with the results from 
the cartoons, that we received from the other countries. To conclude, we only measured the 
parts of pictures from original cartoons.  

 

3.1.2.4 Measuring the colours of VR games 

Most popular virtual games were categorized into eight groups, as can be seen in Table 3.3. 
Pictures have been downloaded from the Internet of 89 VR games: 7-10 pictures from every 
game, altogether 752 pictures. Movie films, corresponding to the above films have also 
been analysed, 179 pictures from 20 films have been downloaded from the internet. The 
category of games we used in our research is shown in Table 3.3. 

Table 3.3. Categorization of the most popular virtual games 

Name of the game category Number of the game 
category 

Number of the film 
category 

Action, Adventure, Mystery Games AAM F-AAM 

Children's Games Child F-Child 

Driving & Racing D&R - 

First-person Shooters FPS F-FPS 

Simulations Sim - 

Role-playing Games RPG F-RPG 

Strategy Strat - 

Sports Sport - 

 

3.1.2.5 Games categories 

Title of games, from which pictures were taken are listed.  

Action, Adventure, Mystery Games  Children's Games 
   Tomb Raider 7      Fame Academy: Dance Edition 
   Silent Hill 4: The Room     Camgoo + Webcam 
   Alone in The Dark: The New Nightmare   Shrek 2 Team Action 
   GTA San Andreas      Jimmy Neutron Boy Genius 
   Resident Evil 4      Robots 
   Legend of Zelda: The Twilight Princess   Spongebob Squarepants: 
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   Myst V: End of Ages      Battle for Bikini Bottom  
   Syberia II       Harry Potter 
   The House of the Dead III     Quidditch World Cup – Classic 
   Monkey Island 4 
 

Driving & Racing    First-person Shooters 
   Need For Speed Underground II    Counter-Strike Source 
   Nascar 2005: Chase for the Cup    Day of Defeat Source 
   Colin McRae Rally 2005     Battlefield 1942 
   TOCA Race Driver 2                  Medal of Honor Pacific Assault 
   Gran Turismo 4      James Bond 007: Nightfire 
   Driv3r       Call of Duty 
   Hot Wheels Stunt Track Challenge    Doom 3 
                                                                               Unreal Tournament 
        Maxpayne II 
        Star Warp Rep. Commando 
 

Simulations     Role-playing Games 
   Sim City 4       Final Fantasy X – XII 
   The Sims 2       World of Warcraft 
   Microsoft Flight Simulator 2004    Lineage II 
   Animal Crossing (Game Cube-ra)    Ragnarok Online 
  Will of Steel       Ultima Online Samurai Empire 
   F/A-18: Operation Desert Storm    Guildwars 
   Pacific Fighters      Chrono Cross 
   IL-2 Sturmovik - Forgotten Battles  
 

Strategy     Sports 
   Cossacks II: Napoleonic Wars    Ski Racing 2005 
   Warcraft III (The Reign of Chaos     MVP Baseball 2005 
- The Frozen Throne)                              NHL 2005 
   Heroes of Might and Magic III – IV                FIFA 2005 
   Rome: Total War      NBA Live 2005 
   Blitzkrieg II       Fight Night Round 2 
   Age of Mythology      Madden NFL 2005 
   Warlords 4       Tiger Woods PGA Tour 2005 
   Warhammer 40k 
   Imperial Glory 

 

3.1.2.6 Film categories 

Action, Adventure, Mystery  Children's 
 Lara Croft: Tomb Raider               Shrek 
 Lara Croft and the Cradle of Life:              Shrek2 
……Tomb Raider 2   Robots 
 Silent Hill                 Harry Potter and the Sorcerer’s Stone 
 Alone in The Dark                Harry Potter and the Chamber of Secrets 
 Resident Evil    Harry Potter and the Goblet of Fire 
 Resident Evil: Apocalypse               Harry Potter and the Prisoner of Azkaban 
First-person Shooters   Role-playing 
 James Bond: The World is Not Enough  Final Fantasy: The Spirits Within 
 James Bond: Die Another Day 
 Doom 
 Star Wars: Episode I - The Phantom Menace 
 Star Wars: Episode II - Attack of the Clones 
 Star Wars: Episode III - Revenge of the Sith 
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3.1.2.7 Samples studies 

We selected objects to be measured for example skin (Caucasian face skin, African skin), 
hair, sky, grass, trunk, cloud, water (lake, river, sea), brick, concrete (road) and so on. 
During the investigations we wanted to stay within the boundary of the theme of pictures, 
where we have some resemblance to the real world, i.e. pictures where the coloration would 
not be accepted as a “natural” colour of an object, were not considered, i.e. where a specific 
state of the mind of the hero (e.g. greed, anger, etc.) were emphasized by the designer of 
the game. 

The pictures from the virtual games, which we analysed, were downloaded from the 
Internet, an assumption was made that these pictures were calculated for the Internet using 
sRGB colour space. Our measurements were taken in the CIELAB colour space. Sample 
Tool of Adobe Photoshop was used for sampling (Figure 3.4). Of L*, a*, b* values nearly 
4500 determinations were made.  hab hue angle and its standard deviation (Δhab) was 
calculated (hab = arctan (b*/a*)), together with the chroma (Cab) and its standard deviation, 
from the L*, a*, b*, which enabled to determinate the changes in dimensions near to those 
of perceptions. 

 
Figure 3.4. Colour measurement in Photoshop, using the eye-drop tool, example is 

the Tomb Raider play. 1st measurement point: red hair, 2nd measurement point: bright 
face, 3rd measurement point: water, 4th measurement point: whitest point in the picture. 

Tables 3.4-3.7 show the average CIELAB L*, a*, b*, hab and ∆hab values by game and 
film category. (Where the value is missing, there was no appropriate sample.) 
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Table 3.4. The average RGB, CIELAB L*, a*, b*, hab and ∆hab values by game category 

Measured objects Game Category R G B L* a* b* hab Δhab 

caucasian face skin 

AAM 189.76 151.41 121.17 65.12 13.32 21.83 60.82 15.80 
Child 226.10 180.76 144.10 76.67 14.00 25.38 73.38 64.90 
D&R 182.00 114.00 91.00 55.00 26.00 25.00 43.88  
FPS 154.65 115.50 89.74 51.44 13.56 20.29 57.23 21.86 
Sim 221.83 158.00 119.33 71.00 22.00 31.00 54.80 4.72 
RPG 212.40 156.13 122.80 69.93 18.93 26.67 56.49 9.07 
Strat 244.00 197.00 141.00 83.00 12.00 35.00 71.08  
Sport 177.18 126.09 105.05 57.18 18.59 19.91 46.43 10.09 

african face skin 

AAM 102.00 67.00 46.71 32.14 13.57 18.57 55.41 11.19 
Child 150.00 115.00 59.00 51.00 9.00 36.00 75.96  
D&R         
FPS 86.00 68.50 53.50 32.00 6.50 12.00 70.45 27.64 
Sim         
RPG         
Strat         
Sport 118.62 81.03 62.10 38.38 14.31 17.74 51.11 8.31 

sky 

AAM 126.67 146.90 166.04 59.53 -1.71 -12.43 221.30 74.10 
Child 72.43 152.04 204.87 60.17 -7.91 -33.39 253.03 27.88 
D&R 104.56 135.10 170.87 54.60 -3.08 -22.66 257.56 23.92 
FPS 145.47 161.53 178.97 65.17 -2.37 -11.03 226.39 75.98 
Sim 138.79 165.91 217.18 67.42 0.36 -29.39 270.51 8.05 
RPG 114.60 149.64 202.64 61.12 -0.68 -31.04 266.48 17.88 
Strat 141.59 177.91 213.64 70.95 -5.32 -22.14 256.80 17.76 
Sport 105.50 138.30 184.60 56.00 -1.10 -28.30 265.52 18.25 

trunk 

AAM 109.65 102.25 79.25 43.00 0.35 14.10 119.24 75.55 
Child 110.42 80.67 45.17 37.00 9.83 25.58 73.13 30.70 
D&R 90.08 79.65 68.73 34.08 3.35 8.15 95.86 70.31 
FPS 96.20 84.60 68.40 34.87 3.07 11.07 70.45 16.32 
Sim 101.20 80.20 76.40 34.80 8.40 5.60 96.47 112.69 
RPG 114.43 92.61 65.00 41.70 6.43 19.35 82.28 61.77 
Strat 100.33 82.33 54.00 37.00 4.00 21.33 80.48 5.96 
Sport         

cloud 

AAM 198.47 205.88 198.28 81.78 -3.03 3.28 166.25 81.39 
Child 180.13 196.25 205.50 78.13 -3.88 -6.75 195.67 83.10 
D&R 206.38 209.73 215.25 83.34 -0.04 -3.07 215.60 85.05 
FPS 212.59 203.47 195.41 82.56 2.53 5.44 124.17 96.50 
Sim 191.89 196.44 210.07 79.11 0.52 -7.22 255.97 59.80 
RPG 212.37 213.73 218.53 85.57 0.67 -2.57 224.25 83.88 
Strat 213.60 216.52 215.52 85.84 -0.80 0.36 199.27 87.12 
Sport 198.00 201.79 212.58 80.84 0.47 -5.79 231.76 78.63 

grass 

AAM 99.20 108.13 52.40 44.47 -9.60 28.57 108.40 15.97 
Child 56.26 101.05 31.05 38.26 -25.42 32.26 128.17 8.91 
D&R 102.77 105.73 63.50 42.92 -6.04 23.04 105.62 9.79 
FPS 94.64 94.39 55.04 38.79 -4.07 21.93 101.27 8.40 
Sim 82.20 109.32 55.09 43.57 -15.50 26.86 116.29 15.69 
RPG 76.28 91.33 35.83 36.25 -12.85 28.80 114.55 11.82 
Strat 87.57 104.43 38.01 41.73 -13.84 32.90 112.45 12.19 
Sport 90.63 114.80 48.61 44.85 -17.37 32.46 118.74 8.89 

foliage 

AAM 89.43 108.95 67.67 44.62 -11.76 20.10 126.38 44.85 
Child 90.54 135.46 47.69 49.31 -24.77 39.00 122.57 13.75 
D&R 84.38 94.67 60.90 40.60 -8.58 17.63 119.44 18.48 
FPS 103.50 105.18 70.95 42.45 -4.45 17.73 103.95 20.22 
Sim 83,44 99.89 47.56 41.94 -11.94 27.50 113.19 16.36 
RPG 78.68 103.27 48.30 41.73 -15.38 26.86 119.10 15.66 
Strat 68.94 101.90 33.23 37.88 -19.83 32.83 119.63 10.57 
Sport 84.22 98.89 64.67 38.78 -10.89 18.78 120.07 8.78 

water 

AAM 129.27 155.50 150.45 59.23 -6.23 1.05 177.35 81.93 
Child 64.00 97.67 167.67 42.00 4.67 -40.00 261.38 37.99 
D&R 59.50 100.50 161.50 43.00 2.50 -36.00 254.41 34.24 
FPS 163.67 164.33 172.00 67.00 1.33 -0.33 117.84 124.65 
Sim 72.43 95.48 146.05 40.71 6.52 -29.67 261.74 43.06 
RPG 28.05 64.52 96.48 26.57 -2.14 -22.57 244.67 39.23 
Strat 42.50 101.62 125.08 40.42 -11.42 -18.54 220.93 44.14 
Sport 34.00 82.00 118.00 26.00 -5.00 -26.00 259.11  
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Table 3.5. The average hair colours in the CIELAB L*, a*, b*, hab and ∆hab values by game category 

Measured 
objects 
(hair) 

Game        
Category 

R G B L* a* b* hab Δhab 

brown 

AAM 117.78 99.63 74.37 43.07 4.85 17.19 71.94 11.76 

Child 116.73 69.87 35.40 34.73 17.93 28.33 55.62 11.89 

D&R         

FPS 94.75 66.25 36.25 30.25 10.25 22.25 63.59 10.50 

Sim 104.50 65.75 51.75 27.50 14.75 14.25 43.88 2.92 

RPG 108.80 75.40 48.80 32.80 11.60 22.00 66.21 12.23 

Strat         

Sport 74.60 54.40 41.20 27.40 8.00 12.40 56.38 13.57 

blond 

AAM 185.89 144.26 90.31 60.11 11.97 34.17 71.45 13.6 

Child 225.00 202.00 133.67 79.33 4.33 36.67 77.34 20.97 

D&R 79.00 99.00 50.00 39.00 -15.0 25.00 120.96  

FPS         

Sim 209.00 176.00 131.00 71.00 8.00 28.00 74.05  

RPG 208.75 176.00 111.75 74.25 6.75 39.25 81.48 12.05 

Strat    76.00 3.00 43.00 86.01  

Sport         

black 

AAM 30.55 28.73 24.55 11.09 0.82 3.45 142.84 96.13 

Child 20.33 20.33 16.33 7.00 -0.33 2.00 97.63 36.89 

D&R 29.00 22.75 21.75 9.75 2.75 1.50 46.84 37.40 

FPS 26.05 19.48 15.67 7.57 2.95 3.62 73.89 55.80 

Sim         

RPG 41.00 41.00 53.00 16.00 2.67 -7.33 188.64 126.72 

Strat         

Sport 29.10 23.05 19.19 8.86 2.48 3.33 104.66 88.87 

red 

AAM 114.43 66.21 40.00 33.36 19.36 25.29 54.88 9.76 

Child 115.33 39.67 19.50 27.83 32.50 30.50 42.91 3.11 

D&R    21.00 22.00 21.00 43.67  

FPS 82.00 33.00 18.00      

Sim 204.00 90.67 45,67 54.33 43.33 48.00 47.84 2.39 

RPG 154.75 71.25 40.50 41.00 34.00 33.00 39.32 22.53 

Strat         

Sport         

grey 

AAM 225.00 183.00 171.00 79.00 14.00 12.00 40.6  
Child         
D&R         
FPS         
Sim    69.00 6.00 7.00 49.40  
RPG 136.00 126.00 135.00 54.00 5.00 -3.00 329.04  
Strat         
Sport 193.67 175.67 160.00 70.67 5.00 10.67 57.97 18.97 
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Table 3.6. The average L*, a*, b* coordinates as well as the calculated hab and its scatter (Δhab) 
values for the most important six parts of the picture for each film which has a corresponding 
game 

Typical part of 
the picture 

Game 

category 
R G B L* a* b* hab Δhab 

aucasian face 
skin  

F-AAM 200.95 151.91 130.13 67.09 17.09 19.27 64.85 70.77 
F-Child 201.33 158.51 141.67 69.08 15.00 15.62 65.97 71.85 
F-FPS 177.49 128.58 100.07 58.05 17.00 23.30 52.91 12.17 
F-RPG 148.71 113.71 102.43 50.57 13.71 12.71 78.96 92.58 

frican face skin) 

 

F-AAM 127.00 93.00 81.00 43.00 13.00 13.00 45.00  
F-Child         
F-FPS 120.20 90.20 71.60 40.20 11.20 16.00 52.84 16.89 
F-RPG         

sky 
F-AAM 243.00 239.50 252.50 95.00 3.00 -5.50 281.12 53.30 
F-Child 129.15 176.92 222.85 70.23 -5.08 -28.38 241.57 54.74 
F-FPS 153.78 177.44 197.89 70.78 -2.78 -13.89 224.82 59.94 
F-RPG 179.33 172.33 197.00 71.67 6.33 -11.67 295.82 22.71 

tree trunk 
F-AAM 127.00 111.00 95.50 48.00 4.50 11.00 67.79 3.15 
F-Child 103.20 89.00 67.50 38.40 3.80 14.50 96.38 80.66 
F-FPS         
F-RPG         

cloud 
F-AAM         
F-Child 203.44 207.22 209.56 82.78 -0.22 -1.44 168.13 94.70 
F-FPS 232.00 203.00 173.00 83.50 7.50 19.00 69.72 6.14 
F-RPG         

grass 
F-AAM 92.67 90.67 64.67 37.67 -2.33 15.33 99.01 5.08 
F-Child 118.13 131.93 52.87 52.47 -13.47 39.20 110.22 15.84 
F-FPS 170.00 191.00 86.00 74.00 -19.00 49.00 111.19  
F-RPG         

foliage 
F-AAM 180.67 198.00 160.67 77.67 -10.67 17.00 131.51 42.16 
F-Child 104.13 113.00 51.19 45.75 -10.31 32.00 109.95 18.73 
F-FPS         
F-RPG         

lake 
F-AAM 144.00 167.00 176.00 67.00 -7.00 -7.00 225.00  
F-Child 55.00 107.67 115.67 42.67 -13.00 -9.33 205.18 27.19 
F-FPS 159.00 153.00 153.00 64.00 2.00 1.00 26.57  
F-RPG         
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Table 3.7. Average L*, a*, b* and hab, Δhab values of hair colours in the different film categories 

Typical part of the 
picture 

Category of the 
play 

R G B L* a* b* hab Δhab 

brown 

 

F-AAM 136.67 104.76 75.05 46.71 10.57 21.81 64.80 7.23 
F-Child 81.89 73.50 65.44 31.78 3.00 6.56 92.56 83.31 
F-FPS 103.15 77.67 58.15 34.81 8.89 15.48 66.25 51.96 
F-RPG 61.83 46.83 34.33 20.67 5.83 10.33 65.92 18.73 

blond 

 

F-AAM         
F-Child         
F-FPS 179.00 157.33 127.33 65.67 5.00 18.67 72.79 13.53 
F-RPG         

black 
F-AAM 40.15 31.74 29.47 13.38 4.32 2.74 135.23 107.38 
F-Child 27.50 25.83 27.50 9.50 1.50 -0.67 101.72 94.69 
F-FPS 20.69 16.44 18.13 6.19 2.25 -0.44 156.42 132.70 
F-RPG         

red 
F-AAM         
F-Child 137.62 87.54 55.69 42.31 19.08 26.77 51.41 15.02 
F-FPS         
F-RPG         

grey 
F-AAM         
F-Child 161.00 149.00 122.00 61.50 1.50 16.50 86.10 11.30 
F-FPS         
F-RPG         

 

3.1.3  Discussion of colour of games 

It seems that comparing the choice of colours used in virtual games [59] with the colours 
used in cartoons and the so-called prototypical colours, which people mentally link with the 
colours of some objects, are of great interest. We compared results of studies by Sik Lanyi 
and co-workers 34, who investigated the usage of colour shades in cartoons all over the 
world, with the colours of objects in our research, and with the ones determined by Tarczali 
[115 and Bartleson [114 for memory colours. Sik Lanyi [9] found that there are 
characteristic differences between both of hard and softcopies (i.e. printed cartoons and 
downloaded images from the Internet) of cartoons originating from different parts of the 
world [59]. 

Complexion colour: The lightest of all complexions is the Japanese, followed by the 
Australian. The darkest complexion colour is the American both in soft- and hard-copy. 
Interesting facts is that the Japanese uses the palest and the least reddish colour scale of all. 
We can observe that the memory colour is much more pinkish than the cartoons use for 
depicting complexion colours. For depicting a sun tanned complexion, we could find nearly 
the same tendency, where the Japanese is the lightest and its chromaticity is closely related 
to the European one, and the Australian is the pinkest. The memory colour is the darkest. 
Average games use a more yellowish colour than the cartoons and the memory colours. The 
most beautiful face colours were found to be the Child, Sim and Strat face colours. The 
others use colours that are far from the memory colours. The colours which correspond to 
the natural complexion colours are used in Child, Sim and Strat games, while the other 
games use a scale, which are very far from memory colours.  
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         Soft-copy:  Japanese     American    European    Australian  Tarczali’s memory colour 

 
      Hard-copy:  Japanese       American    European   Australian  Bartleson’s  memory colour 
            AAM           Child             D&R             FPS                        F-AAM      F-Child        

                  
           Sim              RPG              Strat              Sport                        F-FPS         F-RPG 

Our measured average Caucasian complexion colours. 
Figure 3.6. Comparison of the Caucasian complexion colours 

In the films a much larger scatter was found among the different samples, but the average 
values did not deviate much from the game samples, in most cases they were slightly lighter, 
an exception was the F-RPG, where the average value of the Caucasian complexion colour 
turned out to be much darker than in the games. As we had only had one such film in our 
database, with some very special scenes, from this no direct conclusion can be drawn 
(Figure 3.6 and Figure 3.9-3.10). 

         Soft-copy:  Japanese     American    European    Australian  Tarczali’s memory colour 

 
      Hard-copy:  Japanese       American    European   Australian  Bartleson’s  memory colour 
            AAM           Child             D&R             FPS                        F-AAM      F-Child        

                    
           Sim              RPG              Strat              Sport                        F-FPS         F-RPG 

Our measured average grass colours. 
Figure 3.7. Comparison of the grass colours 

Grass colour: For the colour of grass colour, we can also see several differences. The 
soft-copy grass colour of the Japanese is much darker than the one of the hard-copy. The 
Americans and or the Europeans do not use such a yellow shade as the Japanese and the 
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Australians. The memory colours, as well as the cartoon colours are all lighter determined 
in the mentioned two groups. The average colours of the grass in the virtual games are 
shown in the lower row. The only acceptable grass colours are Child and Sport. The others 
are more brownish than the memory colours. As for the film colours, most of the grass and 
foliage samples were of background values, which produced in the F-AAM category very 
dark colours, but e.g. in F-Child and F-FPS films the colours of the grass correspond to the 
real life grass shade (not withstanding the colours in games, the lightness was higher, 
resembling the real grass hue, which is, despite the memory colour, more yellowish. Figure 
3.7 and Figure 3.9-13.0).  

         Soft-copy:  Japanese     American    European    Australian  Tarczali’s memory colour 

 
      Hard-copy:  Japanese       American    European   Australian  Bartleson’s  memory colour 
            AAM           Child             D&R             FPS                        F-AAM      F-Child        

                  
           Sim              RPG              Strat              Sport                        F-FPS         F-RPG 

Our measured average sky colours. 
Figure 3.8. Comparison of the sky colours 

Sky colour: In the case of sky colours the cartoon designers use a much lighter hue, than 
the memory colour. The only exception is the Japanese soft-copy, which uses a quite dark 
shade. The sky colours used at the AAM and FPS are very grey. Films usually use a brighter 
colour than the equivalent games, which is in the case of F-AAM almost white. In F-RPG 
the hue angle turned out to be extremely violet (Figure 3.8 and Figure (3.9-3.10).   

 

3.1.4  Summary and conclusion of colour of games 

Characteristic differences were found between the uses of colours for well-known objects 
in the different global regions. Designers can use these results if they have to prepare e.g. 
multimedia presentations for different observers. 

In Japanese cartoons prepared for Internet presentation, stronger, more saturated colours 
are used, sometimes with lower lightness. In Europe the paler colours are preferred. This is 
true for most objects, except for complexion, where the Japanese use the palest colours and, 
but it is interesting that the hue angle is larger than the one found in European complexion 
colours. 
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The situation is different in the case of printed cartoons. In print the Japanese use paler 
colours, and the most vivid colours are found in Australian pictures. American cartoon 
artists do not often try to use colours that resemble those of real-life objects. The 
prototypical memory colours are in most cases much darker then the colours used in the 
cartoons. 

          

          

Figure 3.9. The same picture coloured according to the style used in different game 
categories: upper range: AAM, Child, D&R, FPS, lower range: Sim, RPG, Strat, Sport 

Different virtual reality games show some characteristic differences in the use of 
colours for some well-known objects. Our results are visually presented with the help of 
some pictures. We took a picture from a book for outline drawings for painting, where the 
objects, whose colours were investigated (wood, grass, sky, etc.) were available, and 
painted it with Photoshop, to help the visualization of the colourimetric data. We coloured 
these pictures according to the different game categories (Figure 3.9) and film categories 
(Figure 3.10)  

Looking at the pictures one has to consider the following: we used the most usual sky 
colour for painting the sky, cloud colour for clouds, tree trunk colour for tree trunks, foliage 
colour for leaves of bushes and trees, grass colour for grass, and also the little pond on the 
lower right corner was painted with the average water colour for every given game type. 
The girl on the left side of the picture was painted with the Caucasian complexion colour, 
and the girl on the right side with the complexion colour found for Afro-American persons 
was used. (Objects left white in the pictures do not serve enough examples to investigate.) 
In the cases of AAM and FPS game categories it is very interesting, that the colour of the 
water in the right lower corner brings to mind the colour of concrete road not of water, the 
sky is rather grey than blue, and the colours of grass and foliage are basically of same hue. 
Also observe the differences in foliage and grass as well as soil, sand, sky and water colours. 

We note that from the materials researched it appears that most frequently, the designers 
of these virtual games did not take the use of natural colours into consideration or the use 
of memory colours.  
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Figure 3.10. The same picture coloured according to the style used in different film 
categories: F-AAM, F-Child, F-FPS, F-RPG 

During the investigations we found that designers use colours to emphasize the message 
of scenes, and the heroes’ state of mind, and appear not to consider researching and using 
colours which harmonize with the colours of real world.  

In most virtual games we see the use of fake colours (colours used out of context to the 
natural world and common experience or expectations). [9], [34], [59]. We would also like 
advice the designers of virtual games to use more natural shades of colours, which are more 
related to real ones.  

To conclude graphic designers of online media can now see that there is a drift away 
from natural colours. This may have been in the past the limitations of technology to control 
colour? But now designers have much more control of colour and can use your research to 
be in line with regional colour preferences and nature or purposefully use an alternative 
colour palette.  

Based on the measurement and the analysis HI/1 can be accepted, and I formulate the 
Subthesis I/1. According to the tests, I have found that cartoon artists and VR game 
developers use unrealistic colours. [9], [34], [56-59] 

 

3.2 Investigating of memory colours 

3.2.1  Introduction investigating of memory colours 

One of the most influential aspects on the quality of our lives is colour. Our use of memory 
colour occurs so often we usually don't even realize it is happening [205]. Another 
important impact colour has in our lives is on our learning processes. Disorders such as 
dyslexia are sometimes affected by colour. According to a web page on the testing of 
dyslexia the 'glare' of the white paper makes it hard for some dyslexic children and adults 
to read the page (Dyslexia, 2002). [206]. 

“The computer gaming industry has now surpassed the “Hollywood” film industry in 
total entertainment market share, and in the USA sales of computer games now outnumber 
the sale of books.” (Doug Lowenstein, President, Interactive Digital Software Association) 
[208]. 

What is computer and video game addiction? 

When time spent on the computer, playing video games, or cruising the Internet reaches 
a point that it harms a child's or adult's family and social relationships, or disrupts school 
or work life, that person may be caught in a cycle of addiction. Like other addictions, the 
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computer or video game has replaced friends and family as the source of a person's 
emotional life. Increasingly, to feel good, the addicted person spends more time playing 
video games or searching the Internet. Time away from the computer or game causes 
moodiness or withdrawal [209]. 

We are seeing more and more adults and adolescents struggling with real world 
relationships because of virtual world relationships they have created [210]. 

The Smith and Jones Wild Horses Center has the very first outpatient addiction treatment 
program for problem gamers in Europe. "Computer and video games can be fun and 
innocent. Most people can play computer games without trouble. However, 20% of all 
gamers can develop a dependency on gaming. Many of these individuals have neglected 
family, romance, school, and jobs; not to mention their basic needs such as food and 
personal hygiene? All for a video or computer game”. [211]  

Virtual reality games are popular among children and young people all over the world. 
There are a lot of 3D games nowadays. The properties of the heroes of these games are, 
however, very far from those of humans. Sometimes the surroundings are futuristic too. 
Children play with the computer games longer and longer every day, and thus the games 
have an influence on the aesthetic sense of the children. In this respect the question might 
be raised: are the memory colours of virtual game addict people influenced by VR games’ 
colour, or not? 

We know that the colour, shape and the name of objects are storing in different parts of 
the brain. Brain stores knowledge and colour separately [212]. Therefore, the other question 
was to investigate in this pilot study whether a child with some intellectual disability or 
learning problems has other memory colours as the average children, or not?  

H I/2. The unrealistic colours of VR worlds influence our memory colours. The 
memory colour of the intellectually disabled students, non-gaming students, and VR 
addicts are different.  

 

3.2.2 Method of memory colour research 

A Flash test software was developed for the investigation of memory colours [213]. 75 
observers used this test software in 4 groups: 20 average elementary school children (aged: 
8-9 years), 10 intellectually disabled children (age: 9-15), 24 virtual game addict university 
students (average age: 20) and 21 university students who play with VR games rarely or 
never (average age: 20). The task was colouring pictures using the colour palettes 
introduced below and answering some questions. The experiment was made in a dark room 
using a laptop computer, the monitor of which was calibrated by an Eye-One apparatus. 
Every observer has good colour vision, we tested them with Colourlite Colour Test (see a 
shorter version of this test: 
 http://www.colourvision.info/test_colour_vision_deficiency.htm). [214] 

 

3.2.2.1. The test of memory colours 

The observers had to paint the grey pictures using different palettes. 

The tests were based on 3 tasks:  

 “Extended colour palette” (Figure 3.11),  
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 “Given colour palette” (Figure 3.12), and  
 “Answering questions” (Figure 3.13).  

The observers first solved the “Extended colour palette” tasks. Here the observer could 
choose from 576 colours. The second task: “Given colour palette” was made one week later. 
There were 7 colour groups, every colour group consisted of 4 colours. The last task: 
“Answering questions” was made one week later after solving the earlier task. At the 3rd 
task the test software asks some questions, for example: What kind of colour is the sky? 
What kind of colour is the grass? 

      

Figure 3.11. Extended colour palette task: colouring the foliage. 

     

Figure 3.12. Given colour palette task: colouring the sun. 

dc_1841_20

Powered by TCPDF (www.tcpdf.org)



 

39 

      

Figure 3.13. Answering questions task: What kind of colour has the Caucasian skin? 

 

3.2.3 Results of the memory colour research 
The test software saved the chosen colours at the colouring tasks and the answers of the 
observers. So, the software saved the L*, a* and b* values of the Caucasian face skin, 
foliage, sky, tree trunk, cloud, grass, sun, stone, sand, flower, water: stream, sea. 

Table 3.8. Test results of the elementary school children 

 Mean Standard deviation 

form L* a* b* L* a* b* 

sky 71.63 6.29 -35.08 9.63 8.91 14.89 
tree trunk 44.66 10.69 24.85 5.74 6.44 2.79 
cloud 69.75 7.81 -34.58 13.51 9.35 13.84 
grass 76.85 -55.19 50.95 4.92 8.58 9.83 
sand 83.59 -12.22 44.81 9.58 19.14 13.98 
stone 51.02 0.05 0.83 13.67 4.20 5.89 
foliage 70.85 -50.64 49.47 7.95 10.88 10.03 
sun 94.90 -14.61 73.32 6.01 11.54 5.29 
stream 67.95 -2.07 -24.75 9.27 15.50 20.51 
Caucasian skin 86.07 4.17 31.90 5.92 11.50 13.24 
sea 62.85 7.05 -37.54 7.37 10.92 14.01 
flower 58.22 59.86 34.81 7.86 17.95 31.62 

 

Tables 3.8 and 3.11 show the average CIELAB L*, a*, b* and the standard deviation. 
Based on the data of the pilot test, there was significant difference in the memory colours 
especially of grass and Caucasian face skin.  
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Table 3.9. Test results of the intellectually disabled children 

 Mean Standard deviation 

form L* a* b* L* a* b* 

sky 65.42 5.26 -36.10 13.44 12.93 14.35 
tree trunk 50.19 10.45 27.35 10.96 9.61 4.86 
cloud 59.94 3.87 -31.87 15.22 12.51 16.83 
grass 72.58 -49.13 45.84 13.07 12.15 9.62 
sand 84.84 -10.58 44.65 19.23 16.02 18.40 
stone 57.19 0.84 8.65 24.90 10.00 13.82 
foliage 67.32 -44.77 44.45 17.03 20.89 11.48 
sun 94.00 -12.87 68.52 10.58 18.52 7.73 
stream 61.48 3.74 -35.32 14.78 11.75 13.22 
Caucasian skin 71.58 8.71 40.39 20.60 15.56 14.89 
sea 68.13 -0.71 -29.84 14.25 11.33 29.78 
flower 60.84 50.94 46.87 15.34 30.71 23.93 

 

Table 3.10. Test results of the virtual game addict university students 

 Mean Standard deviation 

form L* a* b* L* a* b* 

sky 69.73 9.13 -36.20 7.39 7.43 12.75 
tree trunk 40.87 39.13 26.47 7.67 3.49 1.98 
cloud 87.93 -1.40 -14.87 6.87 6.56 9.52 
grass 19.09 -41.20 14.03 6.84 5.89 5.31 
sand 89.27 -14.07 48.87 16.53 15.86 13.76 
stone 23.77 -3.07 -1.00 18.25 0.86 0.24 
foliage 47.87 -38.60 37.93 2.32 0.68 4.02 
sun 99.90 -24.20 71.13 0.45 2.95 14.73 
stream 62.53 7.67 -35.27 9.65 7.80 9.58 
Caucasian skin 81.47 0.73 28.93 17.51 7.92 8.68 
sea 57.93 12.00 -40.53 8.67 7.49 10.16 
flower 45.27 67.07 54.47 14.20 22.65 18.01 

 

Figure 3.14 and Figure 3.15 show the „bad” influence on memory colour of VR games. 
There is no significant difference between the average elementary school children, 
intellectually disabled children and university students who play with VR games rarely or 
never, but the virtual game addict university students’ results differ from the other 3 groups 
significantly. The grass’ memory colour of the virtual game addict university students is 
darker. This result agrees with the results we had by investigating the colours found in VR 
games, studied by game category: the colour of the grass of VR games was darker and 
browner, compared to the cartoon colours and the memory colours found in the literature 
[9], [34], [59]. 
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Table 3.11. Test results of the university students who play with VR games rarely or 
never. 

 Mean Standard deviation 

form L* a* b* L* a* b* 

sky 66.29 7.53 -34.71 9.07 11.40 11.75 
tree trunk 41.35 16.82 31.18 6.31 0.81 7.80 
cloud 80.71 0.53 -23.47 15.38 10.10 15.38 
grass 64.65 -45.41 43.29 13.77 3.98 3.94 
sand 93.00 -13.71 56.47 7.57 7.76 4.13 
stone 64.59 -3.76 -0.53 13.37 0.98 0.57 
foliage 68.00 -49.94 44.53 12.69 6.72 5.42 
sun 99.82 -22.59 66.65 1.89 2.37 3.74 
stream 65.18 -0.76 -26.24 9.05 7.29 2.85 
Caucasian skin 94.88 -9.35 40.12 4.79 8.46 17.01 
sea 66.94 1.94 -30.18 12.54 9.91 10.56 
flower 49.12 72.59 38.12 7.29 5.79 30.35 

 

 

Figure 3.14. The result of memory colour of grass, 
average elementary school children (red) L*=76 

children with intellectual disability (green) L*=72, 
game addict university students (blue) L*=19, 

university students who play with VR games rarely or never (grey) L*=64 

dc_1841_20

Powered by TCPDF (www.tcpdf.org)



 

42 

 

Figure 3.15. Sample of the memory colour of grass,  
upper row: Average elementary school children, children with intellectual disability 

lower row: game addict university students, university students who play with VR games 
rarely or never. 

 

The results of Caucasian face skin are different too. The memory colour of game addict 
students is more grey.  

 

Figure 3.16. The result of memory Caucasian face skin,  
average elementary school children (red) L*=86 

children with intellectual disability (green) L*=71 
game addict university students (blue) L*=81 

university students who play with VR games rarely or never (grey) L*=94 
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Figure 3.19. Sample of the memory colour of Caucasian face skin, 
upper row: Average elementary school children, children with intellectual disability 

lower row: game addict university students, university students who play with VR games 
rarely or never. 

 

The results show there was significant difference (p<0.5) in their memory colours 
between game addict university students and university students who play with VR games 
rarely or never. But there was no significant difference between the other three groups. 

 

3.2.4 Conclusion of the memory colour research 

Answering the questions in the introduction:  

Are the memory colours of virtual game addict people influenced by VR games’ colour, 
or not?  

Yes, there was a definite difference found between the game addict observers and the 
other 3 groups. 

When a child has some kind of intellectual disability or learning problems are his/her 
memory colours modified, compared to the average children, or not?  

We found difference only in case of the Caucasian face skin colour. 

In our earlier research – where we measured the colour use in VR games – it was realized 
[9], [34], that: 

  - in case of complexion colour: the colours are more yellowish than the memory colours.  

  - in case of grass colour: except for two categories (children and sport games) the colour 
of the grass was darker and browner, compared to the memory colours. So, the colour of 
the grass in the virtual games is false too. 

  - in case of sky colour: it was found in most cases, that more types of blue colours are 
used, in some cases they were far from the natural sky colour, they were more grayish. 

The above-described analysis confirms hypothesis HI/2, therefore the Subthesis I/2. is 
the following: The unrealistic colours of VR worlds influence our memory colours. The 
memory colour of the intellectually disabled students, non-gaming students, and VR 
addicts are different. [9], [35] 
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Unfortunately, we observed that the designers of the virtual games did not take care of 
using natural colours [9]. These colours are very far from the memory colours too.  

We would like to call the attention of the designers of virtual games to use more natural 
shades of colours that is to say, colours that are near to the natural ones. Otherwise these 
colours will influence the memory colours of people, especially of children who play with 
VR games frequently.  

 

3.3 Recommendations for the colour design of games 
After the research, measurements and data analysis described in this chapter, the following 
recommendations can be made for the colour design of VR games: 

1. Determine the type of the planned game. 
2. Determine the main target group of the game. 
3. Analyse the colours of similar game categories. If you have a colorimeter, use 

it; if not, use an image editing tool for measuring colours. 
4. Try to choose colours that are similar to those found in nature or use similar 

colours that you identified in the same game categories. 
5. Use colours that are close to memory colours (see Table 2.1 in the Chapter 2). 
6. You can do this by determining the difference between two colours based on 

the measurements. Use the 2.3 formula in Chapter 2. The colour difference 
𝜟𝑬𝒂𝒃

∗  value should be between 2 and 3 according to the calculations! (See 
subchapter 2.2.1. in Chapter 2.) 

7. Pay attention to the principles of colour harmony. (See subchapter 2.2.3. in 
Chapter 2.) 

8. Test the game with the target users. Use a self-developed, game-specific 
questionnaire form for the test. 

9. Modify the game based on the users’ feedback. 
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Chapter 4 

Web accessibility investigations and 
health informatics 
 

This chapter is based on my previous publications: four journal papers [4], [15], [16], [17], 
five publications in conference proceedings [37], [38], [40], [41], [54] and three book 
chapters [57], [58], [60].  

In the first part of this chapter, I propose a method for testing websites for people with 
colour deficiencies. This research presents the colorimetric testing of websites of the 
Hungarian universities. In this testing, the main objective of the investigation was to find 
out how people with different colour deficiency types can perceive the information on those 
websites. Many IT engineers and web designers do not pay attention to the accessible aspect 
of websites. This accessibility implies that users who have any colour deficiency should be 
able to use the Internet the same way as people with no vision impairment.  

In the second part of this chapter two investigations are elaborated. In the first one we 
developed a new validator software (XValid) based on the WCAG 2.0. We tested 18 
countries’ sites in 15 categories (approximately 500 sites) with XValid. Then a statistical 
analysis was performed based on the tests. We determined the most frequently occurring 
errors based on these statistics. In the second part of this research, the primary objective of 
it is to examine healthcare-related websites in 9 European countries in order to evaluate the 
status of their accessibility. Such a detailed statistical comparison has not yet been carried 
out in Europe, especially as this study offers a dual measurement system combining both the 
application of automated testing software and statistical analysis of user feedback. The study 
compares 48 websites from Eastern Europe with 51 sites from Western and Northern Europe. 
The research phase was performed in three steps, firstly by using AChecker, secondly by 
Nibbler and subsequently followed by user feedback questionnaires evaluated by a group of 
experts. The overall goal of this study is to determine the most common accessibility 
problems and to draw site owners’ attention to shortcomings so that they can improve the 
quality of service of their healthcare-related sites in the future. The investigated European 
websites are grouped into Eastern and Western-Northern countries. We compared our results 
from different perspectives and ascertained that no significant differences can be established 
between the two groups predicated on their respective economic situations. Equally, no 
correlations were observed while comparing the sizes of webpages in Kbytes, the number 
of barriers and their Nibbler-Accessibility scores. Furthermore, there appears to be no 
correlation between the results of the software tests and the percentage of the elderly 
population in the respective country. Based on both research, I have determined a 11-
promptly chart of WEB barrier-free recommendations. Moreover, I have developed an 
expert's questionnaire to test web pages.  

This chapter also contains the used statistical methods and data analyses. 
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4.1 Colour-check on websites of the Hungarian 
universities 

4.1.1 Introduction colour-check on websites of the Hungarian 
universities 

Colour selection during design is very difficult, because the colour space is large and 
computer programmers are not colour designers [215]. Today’s software developers are a 
specialist group; generally, they have no desire to attain a deep understanding of colour, but 
they have to produce applications (both offline and online) that are pleasant to look at and 
easy to work with. In summary: 

 Colour selection is important for computer applications. 
 Colour selection is difficult. 
 Colour selection for interfaces concerns colour interaction more than individual 

colours. 
 Computer application developers are not normally trained in colour choice or colour 

interactions, rather designing sites according to their own tastes and preconceptions. 
 Computer application developers have become inured to garish colours. 

The disorders in colour vision can be inherited and acquired. The cones’ red and green 
colour specific paint cell’s genes are linked to the X chromosome. Because of the gender-
linked inheritance, this type of impairment is 20 times more prevalent in men. About 8% of 
Caucasian males and 0.4–0.5% of females are “red-green” colour-blind. Inherited blue-
blindness (tritanopia) is much rarer – only about 0.05% of the population can be detected. 
Some colour vision disorders are not inherited, they are so called “acquired”; several 
ophthalmological diseases can result in colour perception disorders (e.g. retinal diseases, 
glaucoma, cataracts, etc.) [216].  

It is quite common to see combinations of background and foreground colours that make 
pages virtually unreadable for colour-deficient users. Background, text, and graphics 
colours should be carefully chosen to allow for people with colour deficiency. Designing 
for colour deficient people is complicated. It's not a matter of green/red or yellow/blue 
combinations. The most important issue in designing for colour-deficient users is not to rely 
on colour alone to convey information and not to use colour as a primary means to impart 
information [217]. 

If we are unable to test our software with the help of colour-deficient people, we can at 
lease looked at in a greyscale setting to check whether or not all the information is visible. 
The following practices should be avoided if you want your website to be friendly to all 
visitors.  

Errors marked in red: When filling out a form on a website, people often make a 
mistake. Typically, the form is checked when you submit it to see if all of the information 
appears to be valid. If you make a mistake, the form comes back with wording to the effect: 
‘Please fix your entries in the fields marked in red’. Just one problem... You've got a colour-
deficient user seeing red because he/she can’t see the red! 

Black and white text provides good contrast and is easy for everyone to read. It is also 
typically pretty fine and frequently small as well. So, colour-deficient people can see the 
text well enough – light and dark contrast. But there isn't enough red to see the red - it is 
dark just like the black. If it were blue, they would see it right away, but red is the 
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standardized colour for errors. If the red text is made bold, it becomes easier for anyone to 
pick up on and possible for colour-deficient people to see because now there is enough red 
present to pick it up. 

Low Contrast Content: Good web design practice, in general, demands a reasonable 
amount of contrast between foreground and background. When you have a colour-deficient 
visitor, this becomes critical. In the best case, low contrast is difficult to read; in the worst 
case, it can't be read (Figure 4.1).  

Any to very dark (or very light) colours are difficult 
to read for anyone. When that combination includes 
red, it is almost impossible for a colourblind person. 
Any to very dark (or very light) colours are difficult 
to read for anyone. When that combination includes 
red, it is almost impossible for a colourblind person. 

Figure 4.1. Bad example: low contrast difficult to read, or can’t be read. 

Displaying content with gradated colours, as is often done for graphs and some charts, 
is another example of the same thing. Unless each colour that signifies something is 
substantially different than the next, they will pretty well blend in for someone with colour-
deficient vision. Why? After all, they are different colours! Well, gradated colours are going 
to contain elements of red and green. If someone is red/green colour-blind, these elements 
will not be visible, and everything looks like it is the slightest shade lighter or darker than 
the next item. Even then, a differentiation can be made - but only if the two are next to one 
another. Separate them and the difference is lost. 

Certainly, these are not the only problems people with colour deficiency experience 
with websites. But these are the most common. Fortunately, more and more websites are 
working to be accessible to special needs users and their work is being supported by the 
recommended guidelines made by W3C [218]. 

Colour deficiency is often neglected, as most people do not consider colour deficiency 
as a serious problem. With up to 15% of the population being affected by one form or 
another of colour deficiency, everyone who has a website should be asking the question: Is 
it worthwhile to make sure my site is workable for such people?  

The research question of this study is whether students with colour deficiencies can find 
the necessary information without information-loss. I formulate the hypothesis HII/1 that 
not every Hungarian higher education website is clearly visible, thus people with colour 
deficiency cannot access the information in the same “easy” way as the normal sighted. 

Testing has been completed not only with several colour deficiency simulators on the 
internet, but also with Variantor’s special glasses. The test method is based on the WCAG 
2.0 standard [109]. Short description of this standard is written in subchapter 2.3. For this 
research, I used only the colour and visibility issues: 

 Visibility and Colour-related principles and guidelines are Guideline 1.1, Guideline 
1.3 and Guideline 1.4. 

 Principle 1: Perceivable - Information and user interface components must be 
presentable to users in ways they can perceive. 
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This means that users must be able to perceive the information being presented (it can't be 
invisible to all of their senses). 

 Guideline 1.1 Text Alternatives: Provide text alternatives for any non-text content 
so that it can be changed into other forms people need, such as large print, braille, 
speech, symbols or simpler language. 

 Non-text Content: All non-text content that is presented to the user has a text 
alternative that serves the equivalent purpose, except for the situations listed below. 
(Level A) 

 Guideline 1.3 Adaptable: Create content that can be presented in different ways (for 
example simpler layout) without losing information or structure. 

 1.3.3 Sensory Characteristics: Instructions provided for understanding and 
operating content do not rely solely on sensory characteristics of components such 
as shape, size, visual location, orientation, or sound. (Level A) Note: For 
requirements related to color, refer to Guideline 1.4. 

 Guideline 1.4 Distinguishable: Make it easier for users to see and hear content 
including separating foreground from background.  

 1.4.1 Use of Color: Color is not used as the only visual means of conveying 
information, indicating an action, prompting a response, or distinguishing a visual 
element. (Level A) Note: This success criterion addresses color perception 
specifically. Other forms of perception are covered in Guideline 1.3 including 
programmatic access to color and other visual presentation coding. 

 1.4.4 Resize text: Except for captions and images of text, text can be resized without 
assistive technology up to 200 percent without loss of content or functionality. 
(Level AA) 

 1.4.6 Contrast (Enhanced): The visual presentation of text and images of text has a 
contrast ratio of at least 7:1, except for the following: (Level AAA) 

 Large Text: Large-scale text and images of large-scale text have a contrast ratio of 
at least 4.5:1; 

o Incidental: Text or images of text that are part of an inactive user interface 
component, that are pure decoration, that are not visible to anyone, or that 
are part of a picture that contains significant other visual content, have no 
contrast requirement. 

o Logotypes: that is part of a logo or brand name has no minimum contrast 
requirement. 

 

4.1.2 Method colour-check on websites of the Hungarian 
universities 

All the 64 URLs of the Hungarian universities were collected. Four types of investigation 
were performed:  

 automatic with AChecker [121],  
 semi-automatic test: five different colour-blindness simulators were used, which are 

accessible on the Internet and where pictures can be uploaded [117-119] and also 
with a downloadable software, ColorOracle [120] with which we could test the 
pictures appearing on the screen on the developers’ computer to find out how the 
users of different types of colour-blindness – deuteranopia, protanopia, tritanopia – 
see the colours.  
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 The fifth one was the SEE web-application [122], 
 and human investigations with the Variantor special glasses [123] and answering to 

a questionnaire. 

   

Figure 4.2. The original webpage of Faculty     Figure 4.3. The webpage vision with 
                    of Information Technology                                        Variantor glasses 
 

4.1.3 Results of the checking the universities’ websites 

64 Hungarian university WEB-sites were tested. This section shows not only the statistical 
data but general observations as well. Table 1 contains the statistical analysis based on those 
guidelines which are in close connection with the visibility of WEB-sites.  

The second column of Table 4.1 contains the “Levels of Conformance”. All Success 
Criteria must be important access issues for people with disabilities that address problems 
beyond the usability problems that might be faced by all users. In other words, the access 
issue must cause a proportionately greater problem for people with disabilities than it causes 
for people without disabilities in order to be considered an accessibility issue (and covered 
under these accessibility guidelines). “Level A” is the minimum success criteria, where all 
WEB-pages must answer the requirements of accessibility. Unfortunately, as Table 4.1 
shows, the 1.1.1 and 1.4.6 guidelines are mostly ignored by WEB-designers although these 
guidelines are very important from the point of visibility. 

Table 4.1. Number of mistakes and problems by guidelines 

Guidelines Levels of  
conformance 

Type  
of problems 

summa 
number 

largest 
number 

average 
number 

1.1.1 
Non-text Content 

(Level A) 
Known  994 315 15.53 
Likely 21 6 0.33 

Potential 2416 237 37.75 
1.3.3 

Sensory 
Characteristics 

(Level A) 
Known  0 0 0 
Likely 0 0 0 

Potential 104 14 1.63 

1.4.1 
Use of Colour 

(Level A) 
Known  2 1 0.03 
Likely 0 0 0 

Potential 2871 160 44.86 
1.4.4 

Resize text 
 

(Level AA) 
Known  579 77 9.05 
Likely 0 0 0 

Potential 0 0 0 
1.4.6 

Contrast 
(Enhanced) 

(Level AAA) 
Known  2164 440 33.81 
Likely 0 0 0 

Potential 1466 144 22.91 
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The general experience is that there were very few WEB-pages which have an aesthetic 
value, moreover where colours harmonize with each other. Most WEB-pages are 
overcrowded, and it is very hard to use them. We do not want to criticize anybody therefore, 
the bad examples from our own University were chosen to demonstrate the typical mistakes. 

The “Keresés” (search button written with light purple on a light brown background next 
to the English flag) in the upper right side of Figure 4.2 is invisible even for users with a 
proper vision. 

Figure 4.4 demonstrates a design mistake: confusing colours. “Információk a 2016-
/2017 tavaszi félévi államvizsgáról és diplomavédésről…” purple text in the right side of a 
black and white crest is very similar as blue colour of links. But it is not a link. This light 
purple is the same purple as the background of the main menu line and the colour of 
submenu text below it. 

   

Figure 4.4. The original webpage of the         Figure 4.5. The webpage of the information  
information of the “final exam” site                         of the “final exam” site as it is seen by  
                                                                              a colour deficient user with protanomaly 

 

Figure 4.5, Figure 4.6 and Figure 4.7 show how confusing is the that the “Információk a 
2016/2017 tavaszi félévi államvizsgáról és diplomavédésről…” text looks like a link, 
although it is not a link. 

   

Figure 4.6. The webpage of the information  Figure 4.7. The webpage of the information  
of the “final exam” site as it is seen by                    of the “final exam” site as it is seen by  
a colour deficient user with deuteranomaly          a colour deficient user with tritanomaly 

 

The “A dolgozat formai követelményei” text is a link, but it is coloured with a very pale 
blue. It is really hard to find that it is a link mainly with proper colour vision (Figure 4.8.) 
and in the case of tritanomaly (Figure 4.11). 
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Figure 4.8. The original webpage of the         Figure 4.9. The webpage of the information  
information of the “formal requirements”      of the “formal requirements” site as it is seen 
site                                                                     by a colour deficient user with protanomaly 

 

   

Figure 4.10. The webpage of the                             Figure 4.11. The webpage of the   
information of the “formal requirements”           information of the “formal requirements” 
site as it is seen by a colour deficient                       site as it is seen by a colour deficient 
user with deuteranomaly                                                                  user with tritanomaly 

 

The last colour confusing example is the WEB page where a red distracting sentence and 
a pale blue e-mail address are written (Figure 4.12.). These pieces of information are 
difficult to notice in all cases (Figure 4.12.-Figure 4.15.) except the red sentence in Figure 
4.14. 

   

Figure 4.12. The original webpage of the     Figure 4.13. The webpage of the information  
information written with red and very                     written with red and very pale blue as  
pale blue                                                                        it is seen by a colour deficient user 
                                                                                                                 with protanomaly 
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Figure 4.14. The webpage of the                              Figure 4.15. The webpage of the 
information written with red and very pale         information written red and very pale pale 
blue as it is seen by a colour deficient user         blue as it is seen by a colour deficient user 
with deuteranomaly                                                                                   with tritanomaly 

 

4.1.4 Conclusion of universities websites colour checking 

The most important issue in designing for colour deficient users is not to rely on colour 
alone to convey information and not to use colour as a primary means to impart information 
[217].  

We have not found any publications that consider the testing of colours of higher 
education home pages, lending credence to our view that IT engineers and web-sites’ 
developers do not think about people with colour deficiency. As a result of our testing, we 
have reached the conclusion that, unfortunately, not every Hungarian higher education 
website is clearly visible, so students or future students with colour deficiency cannot get 
the information in the same “easy” way as the normal sighted. Therefore, hypothesis II/1 is 
acceptable.  

Subthesis II/1. I proposed a method for the colour-correct design of WEB and VR 
games so that people with colour deficiencies will not lose information and gain 
accessibility. [15], [16], [40], [41], [57], [58] 

My recommendation for web-designers: 

 Create websites where not only colours provide information. It means some 
patterns or huge contrast would be efficient for easy visibility of every chart, 
graph, button and link on the website. 

 Test the website with different colour-blindness simulators. 
 Test with real users. Involve people with colour deficiency. 

 

4.2 Web accessibility testing in 15 categories 

In this research a new automatic testing tool, a validator (XValid) was developed. It is based 
on WCAG 2.0 [109]. 

 

4.2.1 Introduction web accessibility testing 
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The average web designers do not take the specific needs of the handicapped users into 
consideration, in spite of the fact that there are several guidelines available for a software 
product to be accessible with minimal requirements [219]. For example, the current amount 
of keyboard support in most common websites is far from being sufficient [220]. Therefore, 
a checklist and validator software XValid [37] was developed for testing home pages and 
e-learning materials from the viewpoint of universal design based on the guidelines of 
WCAG 2.0 [109]. 

Numerous validators are available as free services, for example W3C [218] quality 
assurance tools (W3C-QAT) [221], WebXACT [124]. Everyone has advantages and 
disadvantages. WebXACT is a free online service that lets you test single pages of web 
content for quality, accessibility, and privacy issues.  

The W3C-QAT are almost universal tools for validating web standards, languages and 
CSS style-sheets, moreover they have specific tools – for specific needs, for example: RDF 
Validator [222] checks and visualises RDF documents. XML Schema Validator [223] is a 
form for checking a schema, which is accessible via the web. MUTAT [224] is a human-
centred testing tool (framework). Almost all of these tools are web-based, are available both 
as downloadable sources, and as free services on the http://w3.org site.  

Total Validator [225] is a free one-stop all-in-one validator comprising a HTML 
validator, an accessibility validator, a spelling validator, a broken links validator, and the 
ability to take screenshots with different browsers to see what web pages really look like. 
Since its release in 2005 Total Validator [225] has become extremely popular with web 
developers around the world. Unfortunately, in recent years it is not free anymore. 

González et al. [226] proposed a remote testing approach, performing navigability 
testing in the user’s home, employing special silent data gathering software agents, which 
are able to measure the user accuracy when performing navigation tasks.  

The University of Illinois at Urbana/Champaign has developed a set of HTML best 
practices and accessibility management and visualisation tools to improve the design and 
verification of the functional accessibility of web sources [227]. 

Unfortunately, none of these is universal, which controls at the same time the 
accessibility and usability viewpoints of the following user groups: standard users, blind 
people, visually impaired people, deaf people, hearing impaired people, people with 
mobility and movement problems, people with cognitive problems and elderly people. 

The XValid validator [37] is a human controlled testing tool for specific needs in light 
of accessibility and usability. Usability in the Web design has to cope with important 
elements like: Perceptibility, Understandability, Operability, Memorability Efficiency, 
Technical robustness because accessibility and usability have technical aspects as well as 
human interaction aspects [228]. The XValid validator software examines these elements 
too. At the time when it was developed, it was a unique tool and innovation. 

The research question of this study is to find the most common errors based on WCAG 
2.0 by using the XValid validator, ones that web designers seemingly repeat. The II/2.1 
hypothesis is the following: Design recommendations could be formulated based on the 
most typical errors. 

We tested 18 countries’ sites in 15 categories: journals-, Web Shops-, Government-, 
commercial-, healthcare-, TV channels’-, timetable-, bank-, assistive technology-, free 
time-, museums’-, chat-, sport news- sites, e-learning and education sites, approximately 
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500 sites, with XValid We made a statistical analysis based on our test not only for Europe 
but outside Europe, in all 15 mentioned categories.  

In our earlier research [37] we compared WebXACT and XValid softwares we found 
that while WebXACT detected some mistakes in 84.62% of all tested homepages, the 
XValid software found mistakes in 94.87 % the same homepages. XValid validator found 
10.25% more mistakes than the WebXACT validator. 

 

4.2.2 Developing the XVAlid software 
XValid was developed with .Net framework 2.0. The code license of validation core is free, 
so anyone can build, modify or distribute it. It’s a traditional desktop application, but 
because the validation core is a standalone library an online version is possible. XValid’s 
main advantage is WCAG 2.0 conformity and the free availability. 

The application is divided into two parts: the validation core and the graphical user 
interface. 

Validation core is a standalone library, and it’s capable to work without the GUI, so a 
later online version, or a non-Windows version is possible (although, the P/Invoked 
FreeImage may be a problem in this case). The application can analyse local files from the 
computer’s file system, or a specific URL. In the first case the user clicks on the “Browse” 
button, and in the well-known Windows-way, selects a file. In the second case the user 
enters the exact URL into the textbox. After that the “Check” button can be pressed and 
some seconds later the report is appearing in the large white area. This report can be saved 
with the “Save Report” button. Figure 4.16 shows the validation process. 

 

Figure 4.16. The validation processes. 

The following guidelines of WCAG 2.0 are checked at this stage: 

 1.1.1: Alternative texts, Image maps (client- and server-side), Short descriptions, 
Long descriptions 

 1.3.1: Alternative texts 
 2.4.3: Titles 
 2.4.4: Alternative texts 
 3.1.1: Text direction and language 
 3.2.5: User requestable functions 
 4.1.1: Tag closings, Unique ids 
 4.1.2: Captions, Labels 

If the file is not local, the 
software downloads it. 

HTML parsing 

Resource collecting (scripts, 
style sheets) images) 

Checking WCAG2.0 and other 
guidelines 

 
Report creation 
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The validation core tries to analyse every image for improper sizing, every script for 
unsafe functions (windows.open(), window.alert(), browser-specific codes…) and every 
style sheet for improper styles (although not capable to cover every problem). 

The software uses the following 3rd party libraries: 

 FreeImage.NET 3 - this is a free wrapper for the excellent FreeImage (which is used 
under the “FreeImage Public License - Version 1.0”), a free open-source graphics 
library. 

 Self-modified version of MIL HTML Parser. 
 The process (and application usage) is very simple from the user’s point of view. 

After starting the application, the following form is displayed (see Figure 4.17). 

 

Figure 4.17. Testing the IJKWI Journal home page with XValid. 

4.2.3 Web accessibility analysis 
Approximately 500 URLs from 18 countries using XValid software were tested in 15 
categories: journals-, web shops-, government-, commercial-, healthcare-, TV channels’-, 
time table-, bank-, assistive technology-, free time-, museums’-, chat-, sport news- sites, e-
learning and education sites. 

Table 4.2. The number of the tested websites by countries (country / number of tested sites) 

Continent Country Number of tested sites 
Europe Austria  16 

France  37 
Germany  51 
Greece  14 

Hungary  50 
Italy  13 

Lithuania  24 
Norway  13 
Poland  48 

Slovakia  31 
Switzerland  18 

UK  25 
outside of Europe Arab language countries  17 

Israel  26 
Japan  21 
Peru  25 
USA  39 

Taiwan  40 
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340 European and 168 websites outside Europe, altogether 508 websites were tested by 
using XVlaid validator. Our XValid validator was the first which tests the WCAG 2.0 
guidelines automatically. Tables 4.3 to 4.8 show the statistical analysis of this test. 

Table 4.3. Percentage of websites with checkpoint errors of Guideline 1.1 of Principle 1 

Guideline 1.1. Provide text 
alternatives for all non-text 

content 
Country 

Number of 
Websites not 

satisfying 
Guideline 1.1 

Percen- 
tage 

Number  
of errors 

If a short description cannot serve 
the same purpose and present the 
same information as the non-text 

content a long description is 
necessary.  

Hungarian 24 63.16 218 
EU Countries 219 77.65 2735 

Outside of the EU 95 66.43 1325 

Short text alternative for non-text 
content is  not provided.  

Hungarian 33 86.84 3224 
EU Countries 244 86.52 12645 

Outside of the EU 116 81.12 5734 

Short text alternative for non-text 
content is too long.  

Hungarian 5 13.16 8 
EU Countries 74 26.24 183 

Outside of the 
EU 

29 20.28 74 

NOEMBED tag for EMBED tag is 
not provided.  

Hungarian 15 39.47 89 
EU Countries 95 33.68 282 

Outside of the EU 39 27.27 84 
Short/long description for non-text 

content is not provided. (Use 
elements' body.) 

Hungarian 16 42.11 38 
EU Countries 94 33.34 178 

Outside of the EU 35 24.48 78 

Short text alternative is part of image 
URL.  

Hungarian 7 18.42 20 
EU Countries 62 21.99 210 

Outside of the EU 21 14.69 47 

Short text alternative for non-text 
content is too short.  

Hungarian 5 13.16 19 
EU Countries 86 30.50 491 

Outside of the EU 46 32.17 351 

Alternative content for <iframe> 
element is not provided.  

Hungarian 15 39.47 42 
EU Countries 72 25.53 158 

Outside of the EU 35 24.48 119 
Client-side image map associated 

with this image, long description is 
necessary.  

Hungarian 5 13.16 9 
EU Countries 44 15.60 66 

Outside of the EU 34 23.78 51 

Redundant text link for some of the 
image maps' link is not provided.  

Hungarian 5 13.16 8 
EU Countries 38 13.48 60 

Outside of the EU 24 16.78 37 
 

The most serious problems are that the web designers do not take care of giving 
alternative short texts for all non-text elements (Table 4.3) or do not check the <title> tag 
whether it does identify the subject of the webpage correctly (Table 4.5) or do not use the 
html tags correctly, so the screen reader software does not know the primary natural 
language and reading direction (Table 4.6) and does not use the html tags correctly, so that 
the assistive technologies could parse the content accurately and do not have to correct them 
(Table 4.8). 

We did not found errors in respect of the Guideline 1.2.  
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Table 4.4 shows the analyses of testing the Guideline 1.3. The percentage of errors is 
here in the first and second rows between 53–67 %. 

We did not found errors in respect of Guidelines 1.4, 1.5, 2.1, 2.2, 2.3 and 2.5. 

Table 4.4. Percentage of websites with checkpoint errors of Guideline 1.3 of Principle 1 

Guideline 1.3. Ensure that 
information and structure can be 

separated from presentation.  
Country 

Number of 
websites not 

satisfying 
Guideline 1.3 

Percen- 
tage 

Number  
of errors 

Use 'title' attribute to identify form 
controls when the <label> element 

cannot be used.  

Hungarian 20 52.6 178 

EU Countries 173 61.35 1162 
Outside of the 

EU 
77 53.85 482 

Use <label> element to associate text 
label with form control. 

Hungarian 21 55.26 179 
EU Countries 189 67.02 1255 
Outside of the 

EU 
77 53.85 498 

Advisory information provided with 
'title' attribute is too long.  

Hungarian 1 2.63 2 
EU Countries 6 2.13 8 
Outside of the 

EU 
0 0 0 

Advisory information provided with 
'title' attribute is too short. 

Hungarian 0 0 0 
EU Countries 3 1.06 4 
Outside of the 

EU 
3 2.10 5 

 

Table 4.5. Percentage of websites with checkpoint errors of Guideline 2.4 of Principle 2 

Guideline 2.4 Provide mechanism to 
help users find content, orient 

themselves within it, and navigate 
through it 

Country 

Number of 
websites not 

satisfying 
Guideline 2.4 

Percen- 
tage 

Number of 
errors 

Title tag correctly provided but it's 
important to check if it identifies the 

subject of the Web page.  

Hungarian 38 100 38 
EU Countries 279 98.94 279 
Outside of the 

EU 
142 99.30 142 

Title tag is missing.  

Hungarian 0 0 0 
EU Countries 1 0.35 1 
Outside of the 

EU 
1 0.70 1 

Title tag has too long value. 

Hungarian 3 7.89 3 
EU Countries 54 19.15 84 
Outside of the 

EU 
29 20.28 29 

Short text alternative for non-text 
content is not provided.  

Hungarian 2 5,26 6 
EU Countries 22 7.80 128 
Outside of the 

EU 
22 15.38 102 

Short text alternative for non-text 
content is too short.  

Hungarian 2 5.26 6 
EU Countries 7 2.48 14 
Outside of the 

EU 
3 2.10 10 
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The Table 4.5 analyses the correlation to the Guideline 2.4. Unfortunately, the first row 
contains 98-100 % errors. It seems that almost everybody disregards them therefore the 
results of our test show practically 100% error. 

Table 4.6 shows the correlation to the Guideline 3.1. Here once again the first row is 
very critical, it contains 97-100 % errors. The Xvalid software found that none of the sites 
satisfy the instruction: <html>  element having “dir” attribute. 

Table 4.8 contains the analysis of the errors violating the Guideline 4.1. 81-90 % of the 
tested sites were incorrect (see first row) respectively 44-67 % (see 3rd and 4th row). 

The analysis of the test of the Guideline 3.2 is seen in the Table 4.7. The results of the test 
show in the first row: 39–48 % errors. 

Table 4.6. Percentage of websites with checkpoint errors of Guideline 3.1 of Principle 3 

Guideline 3.1 Make text content 
readable and understandable 

Country 

Number of 
websites not 

satisfying 
Guideline 3.1 

Percen- 
tage 

Number 
of 

errors 

The <html> element doesn’t have 
'dir' attribute, which specifies the 

base direction of directionally neutral 
text. (The default direction is left-to-

right.)  

Hungarian 38 100 38 
EU Countries 274 97.16 275 

Outside of the EU 131 91.61 376 

The <html> element doesn’t have 
'lang' attribute, which specifies the 

base language of text content.  

Hungarian 15 39.47 15 
EU Countries 200 70.92 206 

Outside of the EU 105 73.43 312 
 

Table 4.7. Percentage of websites with checkpoint errors of Guideline 3.2 of Principle 3 

Guideline 3.2 Make the  
placement and functionality  

of content predictable 
Country 

Number of 
websites not 

satisfying 
Guideline 3.2 

Percen- 
tage 

Number 
of errors 

Script on page call  
window.open() function. Check that 
this is a user requestable function.  

Hungarian 15 39.47 59 
EU Countries 134 47.52 600 

Outside of the EU 67 46.85 301 
Script on page call alert() function.  
Check that this is a user requestable  

function.  

Hungarian 11 28.95 38 
EU Countries 85 30.14 410 

Outside of the EU 33 23.08 254 
 

The highest numbers of the errors are in the category of newspapers and TV channels in 
Hungary (Figure 4.18). The situation is the same in Europe, the highest number of the 
category are news, shop and entertainment (Figure 4.19). Outside Europe the highest 
number of the category is news, trip and bank (Figure 4.20). 
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Table 4.8. Percentage of websites with checkpoint errors of Guideline 4.1 of Principle 4 

Guideline 4.1 Support compatibility  
with current and future user  

agents (including assistive 
technologies) 

Country 

Number of 
websites not 

satisfying 
Guideline 4.1 

Percen- 
tage 

Number  
of errors 

This tag is not closed correctly.  
Assistive technologies may can't parse  

the content accurately.  

Hungarian 31 81.58 5799 
EU Countries 253 89.72 28249 
Outside of the 

EU 
123 86.01 9993 

The 'id' attribute isn't unique.  

Hungarian 8 21.05 70 
EU Countries 62 21.99 641 
Outside of the 

EU 
31 21.68 666 

Use 'title' attribute to identify form  
controls when the <label> element  

cannot be used.  

Hungarian 17 44.74 174 
EU Countries 181 64.18 1219 
Outside of the 

EU 
76 53.15 447 

Use <label> element to associate text  
label with form control.  

Hungarian 21 55.26 179 
EU Countries 189 67.02 1257 
Outside of the 

EU 
74 51.75 509 

Advisory information provided with  
'title' attribute is too long.  

Hungarian 1 2.63 2 
EU Countries 6 2.13 8 
Outside of the 

EU 
0 0 0 

Using <legend> element allows  
authors to assign a caption to  

a <fieldset> and improves 
accessibility.  

Hungarian 0 0 0 

EU Countries 4 1.42 6 
Outside of the 

EU 
2 1.40 14 

 

 

Figure 4.18. Number of errors in each category occurring on webpages in Hungary 
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Figure 4.19. Number of errors in each category occurring on webpages in Europe 

 

Figure 4.20. Number of errors in each category occurring on webpages outside of the EU 

 

4.2.4 Conclusion of web accessibility testing in 15 categories 

A new validator software called XValid for specific needs in light of design for all was 
developed. This validator was used for testing 18 countries’ sites in 15 categories. (More 
than 500 individual tests were conducted.) Based on these tests statistical analysis was made 
for Hungarian, European and other web pages. According to the statistical analysis the 
II/2.1 hypothesis is accepted, and these statistics helped me to determine the most common 
errors. These have been considered when my recommendations were formulated. Based on 
this research work I provided a 10-point recommendation for the minimal requirement 
system that a web designer has to take into consideration so that more than 50 % of the 
WEB pages should be free of barriers.  

i. Provide alternative short texts for all non-text elements (e.g. images), and if one 
is not able to write a short description, then, use a long text. 

ii. Use relative and positioning, rather than absolute. 
iii. The content of the site should be accessible without using mouse (the 

appearance of the content) should not depend on JavaScript event handlers/modal 
windows. 

iv. Use <label> tag defining the elements of the form and where it is not possible 
to use ‘title’ attribute. 
v. The texts of references should to be understandable without their contexts. 

vi. In the <html> tag identify the primary natural language using ‘lang’ attribute, 
and specify the base direction of directionally neutral text using ‘dir’ attribute. 

vii. Provide summaries for tables using ‘summary’ attribute in <table> tag. 
viii. Use separating characters between the links. 

ix. Check the <title> tag whether it does identify the subject of the webpage 
correctly. 
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x. The <html> tags should be closed correctly so that the assistive technologies 
can parse the content accurately and do not have to correct them. 

Taking these recommendations into consideration and to follow them, would need not 
more money, neither would it take much more time in preparing the WEB page, just one 
has to be a little bit more attentive! I hope – that if the web designers will consider our 10-
point recommendation – then we could contribute to make the web pages more barrier free.  

 

4.3 Accessibility testing of European health-related 

websites 

4.3.1 Introduction accessibility testing of European health-
related websites 

New solutions are needed for those elderly people who might not be able to leave their 
homes and for healthcare monitoring. Barrier-free Internet and software is an essential part 
of this process. Figure 4.21 shows elderly populations in the countries of the European 
Union (EU-28) in the period of 2004-2014.  

 

Figure 4.21. Elderly population in EU-28: Total percentage of population, 2004-2014 
[229] 

Table 4.9 shows the GDP, total population, region and percentage of the population in 
the countries included in this study from Central-Eastern-Europe (the so-called V4 
countries), and from West-Europe (W-E) and North Europe (N-E). The size of the elderly 
population is increasing everywhere in Europe. Table 4.10. shows the GNI data and the 
region by each country in this study. 

There has been extensive research dealing with Web accessibility, mainly in the domain 
of testing the accessibility of governmental websites [235-242] only to conclude that web 
sites are barely accessible and further research is required. Goodwin et al. [127] conducted 
the first global analysis of the Web accessibility of government websites of 192 United 
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Nation Member States almost 10 years ago. Among other things, they proved the following 
hypotheses: 

 The wealthier a country is (GNI per capita), the fewer barriers will be present on its 
websites. 

 A website with a WAI logo has better website accessibility scores. 

Table 4.9. The GDP, the total population and elderly population numbers in the 
investigated countries. 

Country 

GDP 2017 
US$ 

billion 
[230] 

Total 
population 

(millions) in 
August 

2018 [231] 

 
 

Region 

The elderly 
population % of 
total population 
in 2013 or 2014 

[229] 

The elderly 
population % 

of total 
population in 

2017 [232] 
Germany 3677.44 82.323 W-E 21.45 (2014) 22.06 

Switzerland 678.89 8.555 W-E 17.6 (2013) 18.15 
Sweden 538.04 9.994 N-E 19.91 (2013) 20.26 
Austria 416.60 8.754 W-E 18.21 (2013) 19.26 
Finland 251.88 5.545 N-E 19.94 (2014) 21.1 
Poland 524.51 38.093 V4  15 (2014) 16.86 

Czech Republic 215.73 10.626 V4 17.6 (2014) 18.98 
Hungary 139.14 9.683 V4 17.72 (2014) 19.05 
Slovakia 95.77 5.45 V4 no data available 15.43 

 
Table 4.10. The GNI per capita in the investigated countries in 2017. 

Country 
GNI per capita, Atlas 
method (current US$) 

[233] 

GNI per capita, PPP 
(current international $) 

[234] 

 
Region 

Germany 43,490.00 51,680.00 W-E 
Switzerland 80,560.00 50,980.00 W-E 

Sweden 52,590.00 65,610.00 N-E 
Austria 45,450.00 52,500.00 W-E 
Finland 44,580.00 45,400.00 N-E 
Poland 12,730.00 27,970.00 V4  

Czech Republic 18,160.00 34,450.00 V4 
Hungary 12,870.00 26,960.00 V4 
Slovakia 16,610.00 30,880.00 V4 

 

Zheng [240] investigated 108 consumer health information websites in the USA. 
Although this research was performed in 2003 and based on WCAG1.0 [108], Zheng’s 
research methodology used a taxonomy that classified the websites into 6 categories—E-
commerce, corporate, government, portal, community and education. The result was that 
none of the websites was completely accessible to people with disabilities. Governmental, 
educational, health-related websites, nevertheless, exhibited better performance on web 
accessibility than other websites in other categories. They also established correlation 
between the accessibility and the popularity of a website. 

Investigating web accessibility has become a frequently researched topic and a number 
of publications have appeared that address - among others - the accessibility of such 
institutions as universities. A group of Brazilian researchers [241] for instance set out to 
investigate Brazilian federal universities to see if they complied with e-government 
standards. Unfortunately, their results confirmed that most federal university websites do 
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not follow important accessibility standards. Some of the reasons behind the findings 
include IT teams that are unable to cope with staff shortage, high demand, tight deadlines, 
and the lack of specific development methods. Our own research [16] looks at the websites 
of Hungarian universities to discover potential accessibility issues of students who have 
some colour deficiency problems. Our results make it clear that, unfortunately, not every 
website is clearly visible; therefore students with colour deficiencies cannot acquire 
information the same way as healthy ones. Our recommendation for web-designers here is 
to create websites that do not only feature colour visual cues, i.e. the implementation of 
various patterns and huge visual contrasts would be more efficient to promote visibility in 
texts, buttons and links. In general website designers do not tend to develop different 
versions of the same site for each disability type, in fact, it is unlikely that further features 
are added for the comfort of different disability groups. [3], [17], [37], [55] 

The priorities of the European Commission include the simplification of modern digital 
contract rules, the promotion of access to digital content, and the enhancement of online 
sales [91], [243]. The EC wishes to support digital market strategies in the member 
countries and introduce new e-commercial regulations in order to make buying and selling 
goods inside the EU easier [244].  

In this chapter, I present the results of testing and evaluating almost 100 healthcare-
related websites from 9 European countries. Based on the results, I will review my earlier 
recommendations outlined in an earlier paper [17] to see whether they still hold. The 
following sections will set out the context of the research, its implementation and results 
and, finally, looks at the proposed hypotheses. Section 4.3.3 details the research 
methodology and hypotheses. The applied statistical method is written in subchapter 2.4 
“Methodological contributions of the thesis”. Section 4.3.4 discusses the results, and 
sections 4.3.5 and 4.3.6 present the discussion and main conclusions of the research.  

 

4.3.2 Materials and methods 

The present study highlights the most acute accessibility problems of the examined 
healthcare-related websites. The investigation includes healthcare-related sites from 9 
European countries; 48 from Eastern Europe (the so called V4 countries), and 51 sites from 
Western and Northern Europe (N-W-EU). Table 4.11 shows the number of tested websites 
in the investigated European countries. 

Table 4.11. Number of the tested websites. 

Country 
Number of the 
tested website 

Region 

Germany (GER) 9 N-W-EU 
Switzerland (SWI) 16 N-W-EU 

Sweden (SWE) 8 N-W-EU 
Austria (AU) 8 N-W-EU 
Finland (FIN) 10 N-W-EU 
Poland (PO) 8 V4 countries 

Czech Republic (CZR) 8 V4 countries 
Hungary (HU) 19 V4 countries 
Slovakia (SLO) 13 V4 countries 

 
The V4 countries were examined together because, on the one hand, they form one 

region, on the other hand, economically, historically and from an educational point of view 
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they are very similar. Salaries in the V4 countries amount to one third or one fifth of that in 
the western part of Europe, while the prices of basic foods and daily necessities do not differ 
between significantly.  

As the accessibility properties of the web pages can be considered random qualities, the 
comparisons require statistical methods. This research uses both quantitative and qualitative 
research method. The measurement of web accessibility is addressed in this section. 

The websites that fall within the scope of interest of the present investigation were 
chosen based on Google search results, concentrating on top finds. For automatic testing 
AChecker [121] and Nibbler [126] were used. To improve the depth of the present research 
we extended our automated tests by interviewing users in the framework of a questionnaire. 
I involved experts with considerable experience gained in the area of digital accessibility to 
compile a questionnaire (See: Table 4.12) and elicit useful feedback from users with regard 
to their accessibility issues. The experts involved in the present investigation include MSc 
IT engineer university students specialized at Software Ergonomics, Human Computer 
Interaction, User interface Design and Web Accessibility. 

Table 4.12. Questionnaire of the experts’ test 

Questions Remarks 
1. Does the website have a blind version? (yes/no) Developing a blind version site is not a good 

solution. 
2. Each link can be determined based on the link 
text alone. 

E.g. “click here” or “here” links are not 
understandable. 

2.1 Can linked texts be followed? If the earlier answer is “yes”, please write the text 
of the link here. 

3. Is information lost by a user with colour 
deficiency? 

Check it with the Google SEE web-application. 

3.1 Protanomaly If you answered “yes” to the previous 
question, please indicate here  
which colour information  
was lost! 

3.2 Deuteranomaly 
3.3 Tritanomaly 
3.4 Achromatopsy 
4. Is there CAPTCHA on the website? (yes/no) For this question, look at the whole web page, not 

just the main page! 
4.1 If CAPTCHA is available, can it be heard? (yes / 
no) 

- 

5. Is every part accessible by using the keyboard?  
(yes/no)  
5.1 Inaccessible features 

Use TAB to scroll through all menu items; can you 
enter all submenu points; all functions are 
available on the main page? 

If your answer was “no” to the previous question, 
type here what was unavailable on the keyboard! 

6. Is there an English-language website? (yes / no) - 
6.1 Is the information same on the opening page in 
English and in the national language? (yes / no) 

- 

7. Is the website responsive? (Yes No)  
8. Is WAI logo indicated on the site? (Yes No) - 

 

As mentioned, the testing phase started with AChecker, followed by Nibbler and ended 
with the questionnaires (Table 4.11) including the use of the SEE web-application [122] 
(question 3 in the Table 4.11). The SEE web-application proved to be the best and easiest 
test-software from the point of view of handling because the user only needs to set a colour 
deficiency type with a slider and does not have to upload a picture to a web page as in the 
case of other testers. The test phase is concluded with the use of Variantor special glasses 
[123]. 
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All these tests were performed in the time period of June-July 2018. The most frequently 
visited and most popular sites were chosen by Goggle statistics for the test upon searching 
for “healthcare”, “assistive technology”, “health related”, etc. keywords. Focus of interest 
where websites that contained health-related information or blogs about health topics or 
webshops for medicaments or assistive technologies. Moreover, we consulted native 
speakers in the respective countries and asked them to send us the URLs of the most popular 
websites in their areas of interest. 

 

4.3.3 Hypotheses and research questions 

This chapter presents the Research Questions (Q) and Hypotheses (H) of the chapter’s topic 
based on related questions. They are grouped based on closely related topics. The scenario 
is based on the order of first asking a question, then the statistical hypothesis is formulated 
together with its alternative (H). 

4.3.3.1 Testing by Nibbler 

Q II/3.1: Can we ascertain significant differences between the groups of V4 countries and 
N-W-EU countries performing the evaluation by the data of Nibbler test investigating the 
different aspects separately? 

H II/3.1: Are the expectations of the scores of the V4 countries and N-W-EU-countries 
regarding the aspects separately equal versus the alternative hypothesis that they are 
different? 

Q II/3.2: How large are the correlation coefficients and determination coefficients between 
the points of the different aspects? Is there any relation between the different aspects? Can 
the scores of the different aspects be considered statistically independent or higher 
technology results higher accessibility? 

H II/3.2: Is the correlation coefficient between the different aspects equal to zero or it is 
not? What about the one-sided alternative hypothesis? 

4.3.3.2 Testing by AChecker 

Q II/3.3: Can we see significant differences in average error numbers in the N-W-EU and 
V4 countries grouping the questions by their types (using the AChecker automated tool)? 
What is the situation if we focus on the questions separately and what about the most 
affected principles? 

H II/3.3: There are no differences between the V4 and N-W-EU countries concerning the 
average error numbers, versus there is difference between the error numbers.  The 
expectations of the error numbers are the same statistically in the case of the most frequently 
effected principles comparing V4 and N-W-EU countries versus the non-equality. 

Q II/3.4: Are the conformance levels (A, AA, AAA) the same in the N-W-EU and V4 
countries based on the error numbers (by using the AChecker automated tool)? 

H II/3.4: The average error numbers are equal comparing V4 and N-W-EU countries in 
case of each conformance level versus they are different.  

Q II/3.5: Which are the most frequently violated principles based on the error numbers of 
AChecker results and how much are the extreme values? 

H II/3.5: Most error numbers originate when web developers violate the first principle. 
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4.3.3.3 Comparison 

Q II/3.6: Is there any relation between the scores of the separate websites given by Nibbler 
tests and AChecker tests or are they independent? What about the average scores of 
websites belonging to the same countries? How much are the correlation coefficients? 

H II/3.6: The correlation between the scores by Nibbler test and the error numbers provided 
by AChecker is zero, versus it differs from zero, investigating websites separately and 
grouping them by countries.   

4.3.3.4 Human aspects 

Q II/3.7: Should users who have any colour-deficiency be able to use the investigated 
websites the same way as people with no vision impairment (by using as test tool the SEE 
web-application and the Variantor special glasses)?  

H II/3.7: Users who have any colour-deficiency are able to use the investigated websites 
the same way as people with no vision impairment (by using as test tool the SEE web-
application and the Variantor special glasses). 

Q II/3.8: Is there any difference between the N-W-EU and V4 countries based on the 
experts’ test?  

H II/3.8: There is no significant difference between the N-W-EU and V4 countries based 
on the evaluation of the experts’ questionnaire. 

4.3.3.5 External and internal characteristics and web accessibility 

Previous research upholds [127] that the wealthier a country is (GNI per capita), the fewer 
barriers will hinder the use of websites. Moreover, website with a WAI logo have better 
accessibility scores. Furthermore, there is a correlation between the size of webpages and 
the number of barriers detected. Well, we challenged these findings only to prove the 
opposite, i.e. neither of the above statements hold true for health-related webpages.  

4.3.3.5.1. Correlation between the sizes of the webpage and barriers 

Q II/3.9: Is there any correlation between the sizes in Kbytes of the website and the number 
of known problems by AChecker and the Nibbler Accessibility scores? How large are the 
correlation coefficients? 

H II/3.9: The correlation coefficients between the sizes in Kbytes of websites and the 
numbers of known problems by the AChecker/ the Nibbler Accessibility scores are zero. 
The alternative hypothesis is that the correlations differ from zero, that is the sizes and the 
accessibility are dependent. 

4.3.3.5.2. Correlation between the economic aspects and barriers 

Q II/3.10: Are there any links between the GNI per capita of a country and the known 
problems by AChecker /the Nibbler Accessibility score of the web pages? How large are 
the correlation coefficients? 

H II/3.10: The economic character of a country does not effect on the Web-accessibility 
versus the alternative hypothesis the wealthier a country is (GNI per capita), the fewer 
barriers will be found on its websites.  
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4.3.3.5.3. Correlation between the number of elderly citizens and barriers 

Q II/3.11: Are there any correlation between the size of elderly population and the known 
problems by AChecker and the Nibbler Accessibility scores? How large are the correlation 
coefficients? Does higher ratio of the elderly population produce accessible websites? 

H II/3.11: Ratio of the elderly population is independent of the number of known problems 
versus these quantities are dependent. 

 

4.3.4 Results of accessibility testing of European health-related 
websites 

4.3.4.1 Results based on the Nibbler tests 

Answer to Q II/3.1: Grouping the questions by properties we cannot find significant 
differences between the results of the groups in case of V4 and N-W-EU countries. If we 
compare the V4 and N-W-EU countries by the groups of questions, there are significant 
differences between the expectations of the question-groups except the areas of Experiences 
and Marketing. 

Table 4.13. Average values and dispersions in case of groups of countries and groups of 
questions 

 
V4 N-W-EU TOTAL 

average dispersion average    dispersion average Dispersion 
Accessibility 8.845 1.823 8.923 1.933 8.886 1.88 
Experiences 7.125 3.734 7.329 3.536 7.232 3.631 
Marketing 7.369 3.5 7.222 3.467 7.292 3.482 

Technology 7.995 2.982 8.09 3.136 8.045 2.903 
 

Table 4.13 shows that the largest averages belong to accessibility and the smallest ones 
to the experiences in almost all cases.  

The equality test in each question group was performed. The p-values are displayed in Table 
4.14. 

 
Table 4.14. The p-values of the tests 

 V4: N-W-EU 
Accessibility 0.646 
Experiences 0.357 
Marketing 0.467 
Technology 0.649 

 
Table 4.14. confirms that the expectations of the V4 countries can be considered the 

same as the expectations of the N-W-EU countries in all groups of questions. If we make 
the pairs of question-groups we have ቀ4

2
ቁ = 6 pairs. Performing the tests of equalities of the 

expectations for all pairs we have the following results (Table 4.15). 
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Table 4.15. The p-values belonging to the tests of equalities 

 V4 N-W-EU TOTAL 
Accessibility-Experiences 1.18E-16 2.48E-16 2.09E-31 
Accessibility-Marketing 2.15E-14 1.58E-19 2.63E-32 
Accessibility-Technology 1.45E-05 6.67E-06 3.91E-10 
Experiences-Marketing 0.269032 0.59758 0.689924 
Experiences -Technology 0.000118 0.000187 8.07E-08 
Marketing- Technology 0.003382 1.10E-05 2.04E-07 

 

Table 4.15 shows that there is no significant difference between Experiences and 
Marketing scores, but all other pairs present significant differences. The statement is true 
for the V4 countries, for the N-W-EU countries and for all countries too. The best 
performing area is Accessibility, it is followed by Technology and the last areas are 
Marketing and Technology. 

Answer to Q II/3.2: Investigating the correlations between the areas we found the 
following correlation coefficients (Table 4.16). The scores of the different groups of 
questions are not independent except Marketing and Technology. Higher scores in one area 
imply higher scores in another one. Marketing and Technology are independent in the case 
of V4 countries but considering N-W-EU countries or all data the statement does not hold. 
Testing the independence of the areas, i.e. the scores belonging to the separate aspects, the 
results are summarized in Table 4.18. 

Table 4.16. Correlations between the results of groups of questions in case of V4, N-W-
EU countries and in all countries 

 V4 N-W-EU TOTAL 
Accessibility-Experiences 0.602 0.496 0.538 
Accessibility-Marketing 0.273 0.25 0.254 
Accessibility-Technology 0.564 0.448 0.508 
Experiences-Marketing 0.721 0.795 0.756 
Experiences -Technology 0.559 0.709 0.641 
Marketing- Technology 0.171 0.541 0.37 

 

Table 4.16 presents usually medium positive correlations. The relation is stochastic, the 
scores change together in the same direction on average, largest Accessibility implies 
largest Experience and Technology. In case of Accessibility and Marketing, Technology 
and Marketing correlations are rather small.  

The determination coefficients are shown in Table 4.17. Table 4.17 demonstrates that 
determination of one area by another is slight, usually is under 50% in most cases. 

Table 4.17. Determination coefficients in the case V4, N-W-EU and all investigated 
countries 

 V4 N-W-EU TOTAL 
Accessibility-Experiences 0.363 0.246 0.289 
Accessibility-Marketing 0.075 0.062 0.065 
Accessibility-Technology 0.318 0.201 0.258 
Experiences-Marketing 0.52 0.632 0.571 
Experiences-Technology 0.313 0.502 0.411 
Marketing-Technology 0.029 0.293 0.137 
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Table 4.18. P-values of the test of independence in the case of one one-sided and two-
sided alternative hypothesis 

 Two sided alternative hypothesis One sided alternative hypothesis 
 V4 N-W-EU TOTAL V4 N-W-EU TOTAL 

Accessibility-Experiences 0 0 0 0 0 0 
Accessibility-Marketing 0.063 0.074 0.011 0.033 0.037 0.006 
Accessibility-Technology 0 0.001 0 0 0.0005 0 
Experiences-Marketing 0 0 0 0 0 0 
Experiences -Technology 0 0 0 0 0 0 
Marketing- Technology 0.249 0 0 0.125 0 0 
 

Decisions are presented in Table 4.19. 

In the columns concerning the two-sided alternative hypothesis we can see that 
independence is acceptable in the case of Accessibility and Marketing if we investigate V4 
countries or N-W-EU countries. But the p-values 0,063 and 0,074 are close to the standard 
0.05 value. The number of webpages included in the study is 48 and 51 respectively. If we 
investigate all of them together, the total number is 99, the dependence is demonstrable on 
the level of significance 0,011. The independence of Marketing and Technology is 
acceptable in the case of one-sided and two-sided tests on the level of significance 0,249 
and 0.125, respectively, in the case of V4 countries. 

 

Table 4.19. Decisions about the independence of areas (D=dependent, I=independent) 

 
Two-sided alternative 

hypothesis 
One-sided alternative 

hypothesis 
 V4 N-W-EU TOTAL V4 N-W-EU TOTAL 

Accessibility-
Experiences D D D D D D 
Accessibility-Marketing I I D D D D 
Accessibility-
Technology D D D D D D 
Experiences-Marketing D D D D D D 
Experiences -
Technology D D D D D D 
Marketing- Technology I D D I D D 

 
 
4.3.4.2 Results based on the AChecker tests 

Answer to Q II/3.3: There are no significant differences between V4 and N-W-EU 
countries in the expected number of known and likely errors but there is in the number of 
potential errors. The total number of the errors is significantly higher in V4 countries than 
in N-W-EU countries, but the difference is due to the potential errors. If we compare the 
V4 and N-W-EU countries grouping the test questions based on type, we get the following 
average values (Table 4.20). In the case of both V4 and N-W-EU countries the most 
frequent known errors are „Non-text content”, „Contrast (Enhanced)” and „Resize text”. 
This emphasizes the similarity between the properties of the V4 and N-W-EU countries. 
The average values can be seen in Table 4.23.  

If we compare the V4 countries and N-W-EU countries by grouping the errors by types, 
i.e. by the known, likely and potential error numbers, we get the results contained in Table 
4.21. 
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Table 4.20. The average values in the case of different error types 

 V4 N-W-EU TOTAL 
Known 45.426 47.686 46.602 
Likely 0.894 1.902 1.418 
Potential 710.681 487.941 594.765 
Total 757.1 537.529 642.785 

 

Table 4.21. The significance levels testing the equality of the numbers of errors in the 
web pages of V4 and N-W-EU countries 

Error type Known Likely Potential 
Total 

Two sided  One sided 

P-value 0,886 0,297 0,005 0,082 0,041 
 

The data found Table 4.21 confirm that in the case of known and likely errors there are 
no significant differences between the groups of V4 and N-W-EU countries, but in the case 
of potential errors there is. If we consider all types of errors, we can state that the number 
of the errors of websites in V4 countries is significantly higher than that of N-W-EU 
countries provided we use one-sided tests (p-value is under the level 0.05). The difference, 
however, is not significant if we test non-equality by two-sided test. The last result can be 
explained by the large dispersions values. 

Investigating the number of errors in the websites of V4 and N-W-EU countries, we can 
state that there are usually no significant differences between the V4 and the N-W-EU 
countries even from the perspective of questions. Performing the Welch test for every 
question separately (183 tests) we found significant differences in 9 cases, these are 
presented in Table 4.22. It should be highlighted that all errors except from 3.3.2 are 
potential errors and only one known error can be found among them.  

Table 4.22. Number of guideline’s subsections (error type) in case of significant 
differences between the V4 and N-W-EU countries 

Number of error type Interpretation of the Success Criterion Error type Sign. level 
1.1.1. Non-text content (Level A) potential 0.02 
1.3.1 Info and relationships (Level A) potential 0.035 
1.4.1. Use of colour (Level A) potential 0.028 
1.4.5. Images of text (Level AA) potential 0.019 
2.4.3. Focus order (Level A) potential 0.016 
2.4.4. Link Purpose (In Context) (Level A) potential 0.030 
3.1.2 Language of parts (Level AA) potential 0.001 
3.2.1 On Focus (Level A) potential 0.014 
3.3.2. Labels or Instructions (Level A) known 0.015 

 
Table 4.23. The most frequent known errors in the case of different groups of countries 

and in the case if all countries 
Type of known error V4 N-W-EU Total Sign. level 

1.1.1. Non-text content 11.208 29.686 20.727 0.1389 
1.4.4 Resized text  10.437 5.392 7.838 0.258 
1.4.6 Contrast (Enhanced) 10.563 3.255 6.79 0.209 

 
Although the maximal number of the average error is higher in the group of N-W-EU 

countries than in the group of V4 countries, the opposite is true for the second and the third 
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values in the rank. Moreover, the differences are not significant, as it can be seen from the 
values in the last column, a consequence of the large values in the standard deviations. 

Answer to Q II/3.4: We cannot ascertain significant differences between the V4 
countries and the N-W-EU countries by the level of conformances of known errors. 
Grouping the questions by level of conformance (A, AA and AAA) we performed the 
equality test for the expectations of the number of errors in the case of known errors. The 
average values of the groups and the p-values are presented in Table 4.24. 

Table 4.24. The average values of the groups in case of known errors 

Success criteria (level of conformance) V4 N-W-EU TOTAL P-value 
A 1.094 1.60866 1.359 0.350 

AA 0.859 0.26 0.687 0.313 
AAA 0.463 0.150 0.301 0.271 

 

Table 4.25. The numbers of errors violating the different error types 

 V4 N-W-EU COMP. TOTAL 
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A 26.25 34.54 213 38.608 86.81 371 0.35 32.616 66.75 
AA 11.167 24.82 155 6.843 12.532 68 0.82 8.939 19.501 
AAA 10.646 42.677 275 3.451 12.415 63 0.266 6.939 31.068 

 
In Table 4.24 it can be seen that in the case of the level A group V4 has better values, 

but in the case of level AA and AAA the N-W-EU group has fewer errors. Performing the 
test of equality, we do not see significant differences between the groups of countries. The 
number of errors violating success criteria (level of conformance) A, AA and AAA can be 
found in Table 4.25. We can conclude that there is no significant difference between the 
V4 countries and the N-W-EU countries. The average number of N-W-EU is larger in the 
case of error type A. The reverse is true in the case of error types AA and AAA. The 
maximal values are large as compared to the average, which causes large dispersions.  

Answer to Q II/3.5: Table 4.26 shows the 5 highest number of errors in the case of 
known errors based on the AChecker tests. 

Table 4.26. The number of errors per error types 

Known error type Level of conformance Number of errors 
1.1.1. Non-text content Level A 2052 
1.3.1 Info and Relationships  Level A 376 
1.4.4 Resize Text Level AA 776 
1.4.6 Contrast (Enhanced) Level AAA 715 
3.3.2 Labels or Instructions Level A 260 

 

4.3.4.3 Comparison of the Nibbler and AChecker tests’ results 

Answer to Q II/3.6: Nibbler and AChecker data tests are independent in ranks and values 
by countries for each individual website. We compared the results of the Nibbler and 
AChecker tests for the same websites. No dependence can be found. We plotted the average 
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values of the websites by Nibbler and AChecker tests and the results can be seen in Figure 
4.22 and Figure 4.23. These Figures demonstrate that no correlation can be seen between 
the results of the different methods. 

 

Figure 4.22. Data of the investigated websites 

 

Figure 4.23. The average data of the countries 

The same conclusion can be drawn based on the calculations of the tests (see Table 4.27). 

Table 4.27. Covariance, correlation, and p-values between the results of Nibbler and 
AChecker tests investigating separate websites and countries. 

 Cov. Corr. P-value 
Separate websites -0.12 -0.059 0.561 

Countries -0.037 -0.118 0.762 
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