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"We ourselves feel that what we are doing is just a drop in the ocean.
But the ocean would be less because of that missing drop.’
Mother Teresa
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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. [ 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:

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

e 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. 1
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, [ 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
Janos 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:

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

o 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



dc_1841 20

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
i1s 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.

Smartphones are the device of
choice for most gamers

@ 10
Turnover of the video gaming
. . market: 28 billion Hungarian
61% 54%

Forints

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
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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]

VIRTUAL REALITY (VR) AUGMENTED REALITY (AR] MERGED REALITY (MR)

ympletely digital environment Real world with digital Real and the virtual are intertwined

information overlay

Real world remains central Interaction with and manipulation
Fully enclosed, synthetic experience to the experience, enhanced by of both the physical and

with no sense of the real world virtual details virtual environment

Figure 2.1. The conception of VR, AR, and MR adapted from [145]
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Language and Real-World Locomation
Input Props

This Taxonomy is designed to increase awareness of the need for usability engineering of Virtual Environments
(V¥Es) and to lay a scientific foundation for developing high-impact methods for usability engineering of YEs. WE
designers will find guidance for both buiding user-centered WEs and understanding the usability charecteristics of
WEs. For more information see Overview,

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.

« Design the interaction
: y HCI requir i @

« Evaluate HCI design

5 HCI requir
« Verify software usability
Technological N -

Software
product \
« Verify software
Software-originated « Validate interaction
Human interactions

Input from system/product definition
Output to system/product delivery

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:

e Brightness: the sensation can be almost blinding strong, medium or dim and dark.
e 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
e (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)

10
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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 2.5. 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 (4L *), hue angle difference (444,), chroma
difference (4C,,; ) where

hap = arctan(b*/a*), (2.1)
and

AC}y, chroma diffrence (C;, = (a*? + b*?)Y?) (2.2)
and

In case of the L*a*b*space, the difference between two colours is calculated by the formula:
 AEL =((Lo*-Li*)*+(az*-ar*)*+(b2*-b1*)?) 12 (2.3)

11
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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 AE,;;, value between 2 and 3
is just perceptible; thus, we accepted colour differences of AE, = 2, ..., 3 as indicative of a
good reproduction. [7]

A standard observer sees the difference in colour as follows, [159,160] when:

0 <AE<0.5 - observer does not notice the difference, no or hardly noticeable the difference,
0.5 < AE < 1.5 - only experienced observer can notice the difference, barely noticeable
difference,

1.5 <AE < 3.0 - unexperienced observer also notices the difference, noticeable difference,
3.0 <AE <6.0 - clear difference in colour is noticed, clearly visible difference,

6.0 <AE < 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 hq* values of some memory colours [35].

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

Memory colour L* hav* 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 1453 [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].

12
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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).

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

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

e analogous harmony (where colours are chosen with similar hues) “Figure 2.6 ¢”;

e 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].

13
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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:

e Principles — Top 4 principles.

e Guidelines — 12 guidelines provide the basic goals.

e 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 aresult, 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.

AC DI Web Accessibility Checker 1V X 4+ = T %

¢« C @ achecker.ca/checker/indexphp X © o GyH © seineteliene
ACHECKER®

@ web accessiviity checker

Check ibility By:}

ECXZET LA (HTML File Upload) (Paste HTML Markup.
Address: [ www.uni-pannon.hu
Checkt ]
~ Options
(] Enable HTML Validator () Enable CSS Validator [ Show Source
Guidelines to Check Against
BITV 1.0 (Level 2) Section 508 O Stanca Act

WCAG 1.0 (Level A) WCAG 1.0 (Level AA) O WCAG 1.0 (Level AAA)
WCAG 2.0 (Level A) WCAG 2.0 (Level AA)  ® WCAG 2.0 (Level AAA)

Report Format

® View by Guideline View by Line Number

Welcome to AChecker. This tool checks single HTML pages for conformance with accessibility standards to ensure the content can be accessed by everyone.
See the Handbook link to the upper right for more about the Web Accessibility Checker.
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Figure 2.7. Screenshot of the AChecker automated tool (at the beginning of the test)
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results)
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Figure 2.9. Screenshot of the Nibbler automated tool.
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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:

o the use of the Eyedrop tool of Photoshop,

e the application of a measuring instrument: X-rite Eye-One (i1), Minolta, Spectrascan
spectrocolorimeter,

e test software developed by my supervised students,

e 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 I1/3 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.

e 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, | investigated the equality of the ratios of the websites satisfying certain
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conditions. In these cases, hypothesis HO 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 HO 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 Il 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
Janos 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.

[ustrated 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 “Matyas kiraly” (King Matthias, “A Pal
utcai fiuk” (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 en 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 & 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* Can* hav*
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 &3 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:

e fair, suntanned and dark complexion,
e black, blond, brown and red hair,
e clouds and sky,
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concrete.

tree trunk, grass, foliage,
soil, sand and water (lake),

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.

b*

50
complexion

80

) g75
90 E(:DBE

50 a*

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

hard-copy cartoons.

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

R. GOSCINNY -

n.UDERZOQ

R GoscInny M0/ a. uperza

HACHETTE

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.

grass 67 o ex
?O{f-_%:-‘l-, 5 Complexion
(Jso |79.c5°
62— (T
85 77
-50 Eﬂui 50 a*
[ &)/
978
sky \
59" | 50

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
soft-copy cartoons.

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

Object L* a* b*

HU 80 -36 59
Grass

FR 50 -36 52

HU 88 =27 -18
Sky

FR 69 -10 -46

HU 87 12 23
Face

FR 73 34 35

HU 57 34 22
Rock

FR 57 15 4

HU 96 -14 79
Moustache

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 Number of the film
category 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
Syberia II

The House of the Dead III
Monkey Island 4

Driving & Racing
Need For Speed Underground I1
Nascar 2005: Chase for the Cup
Colin McRae Rally 2005
TOCA Race Driver 2
Gran Turismo 4
Driv3r
Hot Wheels Stunt Track Challenge

Simulations
Sim City 4
The Sims 2
Microsoft Flight Simulator 2004
Animal Crossing (Game Cube-ra)
Will of Steel
F/A-18: Operation Desert Storm
Pacific Fighters
IL-2 Sturmovik - Forgotten Battles

Strategy
Cossacks II: Napoleonic Wars
Warcraft III (The Reign of Chaos
- The Frozen Throne)
Heroes of Might and Magic III - IV
Rome: Total War
Blitzkrieg 11
Age of Mythology
Warlords 4
Warhammer 40k
Imperial Glory

3.1.2.6 Film categories

Battle for Bikini Bottom
Harry Potter
Quidditch World Cup — Classic

First-person Shooters
Counter-Strike Source
Day of Defeat Source
Battlefield 1942
Medal of Honor Pacific Assault
James Bond 007: Nightfire
Call of Duty
Doom 3
Unreal Tournament
Maxpayne 11
Star Warp Rep. Commando

Role-playing Games
Final Fantasy X — XII
World of Warcraft
Lineage II
Ragnarok Online
Ultima Online Samurai Empire
Guildwars
Chrono Cross

Sports
Ski Racing 2005
MVP Baseball 2005
NHL 2005
FIFA 2005
NBA Live 2005
Fight Night Round 2
Madden NFL 2005
Tiger Woods PGA Tour 2005

Action, Adventure, Mystery
Lara Croft: Tomb Raider

Lara Croft and the Cradle of Life:
...... Tomb Raider 2

Silent Hill

Alone in The Dark

Resident Evil

Resident Evil: Apocalypse
First-person Shooters

James Bond: The World is Not Enough
James Bond: Die Another Day
Doom

Children's

Shrek
Shrek2

Robots

Harry Potter and the Sorcerer’s Stone
Harry Potter and the Chamber of Secrets
Harry Potter and the Goblet of Fire
Harry Potter and the Prisoner of Azkaban
Role-playing

Final Fantasy: The Spirits Within

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, 1.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. /A hue angle and its standard deviation (4haw) was
calculated (414, = arctan (b*/a*)), together with the chroma (Cys) and its standard deviation,
from the L*, a*, b*, which enabled to determinate the changes in dimensions near to those
of perceptions.

1€ Adobe Photoshop E”@[E

File Edt Image Layer 3elect Fiter View Window Help

o) screen’ 1mert.jpg @ 66,7% (RGB)

R oiBg2
oy o

TR E
AuBs NAT
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Figure 3.4. Colour measurement in Photoshop, using the eye-drop tol, 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*, ha, and Ahgp 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* ha and Al values by game category

Measured objects  Game Category R G B L* a* b* hab Ahab
AAM 189.76 15141 121.17 65.12 1332  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
caucasian face skin FPS 154.65 11550 89.74 5144 1356  20.29 57.23 21.86
Sim 221.83 158.00 119.33 71.00 22.00 31.00 54.80 4.72
RPG 21240 156.13 122.80 69.93 1893  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
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 5350 32.00 6.50 12.00  70.45 27.64
african face skin Sim
RPG
Strat
Sport 118.62  81.03 62.10 3838 1431 17.74  51.11 8.31
AAM 126.67 14690 166.04 59.53 -1.71 -1243 22130 74.10
Child 7243 152.04 20487 60.17 -791 -33.39 253.03 27.88
D&R 104.56 135.10 170.87 54.60 -3.08 -22.66 257.56 23.92
sky FPS 14547 161.53 17897 65.17 -2.37 -11.03 22639 75.98
Sim 138.79 16591 217.18 6742 036  -29.39 270.51 8.05
RPG 114.60 149.64 202.64 61.12 -0.68 -31.04 26648 17.88
Strat 141.59 17791 213.64 7095 -532 -22.14 25680 17.76
Sport 105.50 138.30 184.60 56.00 -1.10  -28.30 265.52  18.25
AAM 109.65 102.25 79.25 43.00 0.35 14.10 119.24 7555
Child 11042  80.67 4517  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
trunk FPS 96.20 84.60 68.40 3487  3.07 11.07 70.45 16.32
Sim 101.20  80.20 76.40 3480  8.40 5.60 96.47  112.69
RPG 11443  92.61 65.00 41.70 643 19.35 82.28 61.77
Strat 100.33  82.33 54.00 37.00 4.00 21.33 80.48 5.96
Sport
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 21525 83.34 -0.04 -3.07  215.60  85.05
cloud FPS 212.59 20347 19541 8256  2.53 5.44 124.17  96.50
Sim 191.89 196.44 210.07 79.11 0.52 =722 25597  59.80
RPG 212.37 213.73 218.53 85.57  0.67 -2.57 22425  83.88
Strat 213.60 216.52 21552 85.84 -0.80 0.36 199.27  87.12
Sport 198.00 201.79 212.58 80.84 047 -5.79  231.76  78.63
AAM 99.20  108.13 5240 4447 -9.60 2857 108.40 1597
Child 5626 101.05 31.05 3826 -2542 3226 128.17 8.91
D&R 102.77 105.73  63.50 4292 -6.04 23.04 105.62 9.79
grass FPS 94.64 94.39 55.04 3879 -4.07 2193  101.27 8.40
Sim 8220 109.32 5509 4357 -1550 26.86 11629  15.69
RPG 76.28 91.33 3583 3625 -12.85 2880 11455 11.82
Strat 87.57 10443 38.01 41.73 -1384 3290 11245 12.19
Sport 90.63  114.80 48.61 4485 -17.37 3246 118.74 8.89
AAM 89.43 10895 67.67 44.62 -11.76 20.10 12638 44.85
Child 90.54 13546 47.69 4931 -24.77 39.00 12257 13.75
D&R 84.38 94.67 60.90  40.60 -8.58 17.63 11944 18.48
foliage FPS 103.50 105.18 7095 4245 -445 17.73 10395 20.22
Sim 83,44 99.89 4756 4194 -1194 2750 113.19 16.36
RPG 78.68 103.27 4830 41.73 -1538 26.86 119.10 15.66
Strat 68.94 10190 3323 3788 -19.83 3283 119.63 10.57
Sport 84.22 98.89 64.67 38.78 -10.89 18.78  120.07 8.78
AAM 129.27 15550 15045 59.23  -6.23 1.05 177.35  81.93
Child 64.00 97.67 167.67 4200 4.67 -40.00 26138 37.99
D&R 59.50 100.50 161.50 43.00 2.50 -36.00 25441 34.24
water FPS 163.67 164.33 172.00 67.00 1.33 -0.33  117.84 124.65
Sim 72.43 9548  146.05 40.71 6.52  -29.67 261.74 43.06
RPG 28.05 64.52 96.48 2657 -2.14 2257 244.67 39.23
Strat 4250  101.62 125.08 4042 -11.42 -1854 22093 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*, ha and Al values by game category

Measured Game
obje‘cts Category R G B L* a* b* hap Ahap
(hair)
AAM 117.78 99.63 7437 43.07 485 17.19 7194 11.76
Child 116.73 69.87 3540 3473 17.93 2833 55.62 11.89
D&R
FPS 9475 6625 3625 3025 1025 2225 6359 10.50
brown Sim 10450 6575 5175 27.50 1475 1425 43.88 292
RPG 108.80 75.40 48.80 32.80 11.60 22.00 66.21 12.23
Strat
Sport 74.60 5440 4120 2740 8.00 12.40 5638 13.57
AAM 185.89 14426 90.31 60.11 1197 34.17 71.45 13.6
Child 225.00 202.00 133.67 79.33 433 36.67 7734 20.97
D&R 79.00  99.00 50.00 39.00 -15.0 25.00 120.96
blond F?S
Sim 209.00 176.00 131.00 71.00 8.00 28.00 74.05
RPG 208.75 176.00 111.75 7425 6.75 39.25 81.48 12.05
Strat 76.00 3.00 43.00 86.01
Sport
AAM 30.55 28.73 2455 11.09 082 345 14284 96.13
Child 20.33 2033 1633 7.00 -0.33 2.00 97.63 36.89
D&R 29.00 22.75 21.75 975 275 1.50 46.84 37.40
black F?S 26.05 1948 1567 7.57 295 3.62 73.89 5580
Sim
RPG 41.00 41.00 53.00 16.00 2.67 -7.33 188.64 126.72
Strat
Sport 29.10 23.05 19.19 886 248 333 104.66 88.87
AAM 11443 6621 40.00 3336 1936 2529 5488 9.76
Child 115.33  39.67 19.50 27.83 32.50 30.50 4291 3.11
D&R 21.00 22.00 21.00 43.67
FPS 82.00 33.00 18.00
red Sim 204.00 90.67 45,67 5433 4333 48.00 47.84 2.39
RPG 15475 7125 40.50 41.00 34.00 33.00 39.32 22.53
Strat
Sport
AAM 225.00 183.00 171.00 79.00 14.00 12.00 40.6
Child
D&R
grey 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 /4 and its scatter (4/4»)
values for the most important six parts of the picture for each film which has a corresponding

game
. Game
Tytilczlicp;?eof R G B L* a* b* hs Ahs
category
aucasian face [AAM 20095 15191 130.13 67.09 17.09 19.27 64.85 70.77
X F-Child 201.33 158.51 141.67 69.08 15.00 15.62 6597 71.85
skin F-FPS  177.49 128.58 100.07 58.05 17.00 23.30 5291 12.17
F-RPG 14871 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 12020 90.20 71.60 4020 11.20 16.00 52.84 16.89
F-RPG
F-AAM  243.00 239.50 252.50 95.00 3.00 -5.50 281.12 53.30
sky 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 17933 17233 197.00 71.67 6.33 -11.67 295.82 22.71
F-AAM  127.00 111.00 95.50 48.00 4.50 11.00 67.79 3.15
tree trunk F-Child 103.20 89.00 67.50 3840 3.80 14.50 96.38 80.66
F-FPS
F-RPG
F-AAM
cloud 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
F-AAM 9267 90.67 64.67 37.67 -233 1533 99.01 5.08
grass F-Child 118.13 131.93 52.87 52.47 -13.47 3920 11022 15.84
F-FPS  170.00 191.00 86.00 74.00 -19.00 49.00 111.19
F-RPG
F-AAM  180.67 198.00 160.67 77.67 -10.67 17.00 131.51 42.16
foliage F-Child 104.13 113.00 51.19 45.75 -10.31 32.00 109.95 18.73
F-FPS
F-RPG
F-AAM  144.00 167.00 176.00 67.00 -7.00 -7.00 225.00
lake 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 has, Aha values of hair colours in the different film categories

Typical part of the Category of the

. G B L* a* b* hab Ahap
picture play
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 1548 66.25 51.96
F-RPG 61.83 46.83 3433 20.67 5.83 1033 6592 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
F-AAM 40.15 31.74 2947 1338 432 2.74 13523 107.38
black 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 6.19 225 -044 156.42 132.70
F-RPG
F-AAM
red F-Child 137.62 87.54 55.69 42.31 19.08 26.77 51.41 15.02
F-FPS
F-RPG
F-AAM
grey 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 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 Amerlcan European Australian Bartleson’s memory colour
Child D&R FPS F-AAM  F-Child

RPG Strat Sport F-FPS F-RP

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 FEuropean Australian Tarczali’s memory colour

Hard-copy: Japanese = American .European lAustralian 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 1/1. 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 1/2. 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:

e “Extended colour palette” (Figure 3.11),
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e “Given colour palette” (Figure 3.12), and
e “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.
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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 71.63 629 -35.08 9.63 891 14.89
tree trunk 44.66 10.69 2485 574 644 2.79
cloud 69.75 7.81 -34.58 13.51 935 13.84
grass 76.85 -55.19 5095 492 858 9283
sand 83.59 -12.22 4481 9.58 19.14 13.98
stone 51.02 0.05 083 13.67 420 5.89
foliage 70.85 -50.64 4947 7.95 10.88 10.03
sun 9490 -14.61 7332 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 3190 5.92 11.50 13.24
sea 62.85 7.05 -37.54 7.37 1092 14.01
flower 5822 59.86 3481 7.86 1795 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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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

Table 3.9. Test results of the intellectually disabled children

Mean Standard deviation
form L* a* b* L* a* b*
sky 6542 526 -36.10 13.44 1293 14.35
tree trunk 50.19 1045 27.35 1096 9.61 4.86
cloud 59.94 387 -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 2490 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 6148 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 5094 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 7.39 743 12.75
tree trunk 40.87 39.13 2647 7.67 349 1098
cloud 8793 -1.40 -1487 687 6.56 9.52
grass 19.09 -41.20 14.03 6.84 589 5.31
sand 89.27 -14.07 48.87 16.53 15.86 13.76
stone 23.77 -3.07 -1.00 1825 0.86 0.24
foliage 47.87 -38.60 37.93 232 0.68 4.02
sun 99.90 -24.20 71.13 045 295 14.73
stream 62.53 7.67 -3527 9.65 7.80 9.58
Caucasian skin 81.47 0.73 2893 17.51 7.92 8.68
sea 57.93 12.00 -40.53 8.67 7.49 10.16
flower 4527 67.07 54.47 14.20 22.65 18.01

[91, [341, [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 -4541 4329 13.77 398 394
sand 93.00 -13.71 56.47 17.57 17.76 4.13
stone 64.59 -3.76 -0.53 1337 098 0.57
foliage 68.00 -49.94 44.53 12.69 6.72 542
sun 99.82 -22.59 66.65 1.89 237 374
stream 65.18 -0.76 -26.24 9.05 729 2385
Caucasian skin 94.88 -9.35 40.12 4.79 8.46 17.01
sea 66.94 194 -30.18 12.54 991 10.56
flower 49.12 72.59 38.12 7.29 5.79 30.35
=
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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
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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.

(/ J 7
&Y
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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 1/2. 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.
2.
3.

A

Determine the type of the planned game.

Determine the main target group of the game.

Analyse the colours of similar game categories. If you have a colorimeter, use
it; if not, use an image editing tool for measuring colours.

Try to choose colours that are similar to those found in nature or use similar
colours that you identified in the same game categories.

Use colours that are close to memory colours (see Table 2.1 in the Chapter 2).
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
AE,, value should be between 2 and 3 according to the calculations! (See
subchapter 2.2.1. in Chapter 2.)

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

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

Modify the game based on the users’ feedback.

44



dc_1841 20

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:

e (Colour selection is important for computer applications.

e Colour selection is difficult.

e Colour selection for interfaces concerns colour interaction more than individual
colours.

e Computer application developers are not normally trained in colour choice or colour
interactions, rather designing sites according to their own tastes and preconceptions.

e 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).

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:

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

e 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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e The fifth one was the SEE web-application [122],
e and human investigations with the Variantor special glasses [123] and answering to
a questionnaire.

[y e
Lu@RY e
Pl

PANNON EGYETEM B2
MUSZAKI INFORMATIKAI léxk

v FEIVETELL» MALLGATOKNAK v OKTATAS Kifslv TEMETSEGGONDOZAS v

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 Type summa largest  average
conformance of problems number number number
L1 Loy thely 2l 60
eve ike .
Non-text Content Potential 2416 237 3775
1.33 Known 0 0 0
Sensory (Level A) Likely 0 0 0
Characteristics Potential 104 14 1.63
141 Kpown 2 1 0.03
Use of Colour (Level A) L1kely 0 0 0
Potential 2871 160 44.86
1.4.4 Known 579 77 9.05
Resize text (Level AA) Likely 0 0 0
Potential 0 0 0
1.4.6 Known 2164 440 33.81
Contrast (Level AAA) Likely 0 0 0
(Enhanced) 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. “Informéciok a 2016-
/2017 tavaszi félévi allamvizsgardl és diplomavédésrol...” 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.

K A 2016/17 TANEV TAVASZI FELEVEBEN ZAROVIZSGA INFORMACIOK A 2016/17 TANEV TAVASZI FELEVEBEN

Informiciék & 2016/17 tavaszi Faléwi SUamvizsghrdl és diplomavidésrdl s Mlszaki

Informécidk a 2016/17 tavaszi Filévi dllamvizsgied [
Informatikai Karon S " "

Informatikai Karon

-
Szakdolgozat £5 DIIOMAmUNka CIRESZILESEnck Tolyamata &5 NAtaridok a 2016/17 tanev
tavaszi féiéveben zardvizsgazoknal

és folyam
tavaszi féléveben zarovizsgaziknak

s

|

-

|

|

[
ackie K [
[ Avomosny

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 “Informéciok a
2016/2017 tavaszi félévi allamvizsgarol és diplomavédésrdl...” text looks like a link,
although it is not a link.

Ousliam CLkTAS iwc oPfiALzits  FrosSowraTas: SZaRkEpzts

ZAROVIZSGA INFORMACIOK A 2016/17 TANEV TAVASZ| FELEVEBEN

Informicick & 2016/17 tavaszi flivi dllamvizsgird —
Informatikai Karon =

Sre—
eattaranomaty

Informéciék a 2016/17 tavaszi Félévi dllamvimgir
Informatikai Karon

at

U ———
folyam s

&5 Di és D é
tavaszi félévében zirdvizsgazdknak tavaszi félévében zirovizsgizdknak

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 kovetelményei” 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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v FELVETELI~ HALLGATORNAK v OKTATAS > KoFul~ TEMETSEGGONDOZAS «

Zirévizsga témakérdk, tételsorok

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.

CERS

ar Ve e ;

= i I

v FFIVETFLI v

ottlefrtaknak megfeleloen taltse fel adoigozatot)

adolgazat 1 péld

o o

@ Ar oktatasi egységek & a temavezetik gondoskodnak rola, hogy ar alsirt klsd & ten .
biralat@mikuni-pannonhu chmre valamint egy eredeti (iilsd birlat esetén algirt ma | 77 T st s el

. i i, i ztra 7.06.01-ig.

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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SZLRVLZET » FELVETELI > HALLGATOKNAK ~ OKTATAS v Kifsl v

= Az oktatasi egysegek o5 a te gondoskodnak rola, hogy a2 aldirt kilss és
nre: valamint egy evedeti (kilsd birdlat esetén aliirt ma biralatgmikcumi-pannon hu cimre fokamint egy eredeti (iulso biralat eseten akairt
t ) 2017.06.01ig. ki e s 1 caroen om i 06.01ig

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 I1/1 is
acceptable.

Subthesis I1/1. 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:

e 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.

e Test the website with different colour-blindness simulators.

e 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.

Gonzélez 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 1I/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 XV Alid 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
Freelmage 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.

If the file is not local, the Resource collecting (scripts, Checking WCAG2.0 and other

A 4
A 4

software downloads it. style sheets) images) guidelines

HTML parsing Report creation

Y

Figure 4.16. The validation processes.
The following guidelines of WCAG 2.0 are checked at this stage:

e 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
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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:

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

e Self-modified version of MIL HTML Parser.

e 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).

LKW journallIKWi-journal php hm

for non-text content is not provided

Figure 4.17. Testing the [JKWI 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

A . Number of
Guldeln.le 1.1. Provide text Websites not  Percen-  Number
alternatives for all non-text Country satisfying tage of errors
content Guideline 1.1
If a short description cannot serve Hungarian 24 63.16 218
the same purpose and present the EU Countries 219 77.65 2735
same information as the non-text
content a long description is Outside of the EU 95 66.43 1325
necessary.
Short text alternative for non-text EEuCn(%SIrllt??es 23434 gggj 132262445
content is not provided. Outside of the EU 116 81.12 5734
Hungarian 5 13.16 8
Short text alternative for non-text EU Countries 74 26.24 183
content is too long. Outside of the 29 2098 74
EU )
. Hungarian 15 3947 89
NOEMBED tag for EMBED tagis /. 95 33.68 282
not provided. Outside of the EU 39 2727 84
Short/long description for non-text Hungarian 16 42.11 38
content is not provided. (Use EU Countries 94 33.34 178
elements' body.) Outside of the EU 35 24.48 78
Short text alternative is part of image Egucnfjrrlltililes 672 é?gg 22100
URL. Outside of the EU 21 14.69 47
Short text alternative for non-text Eguélfzxrllt??es 856 ;(3);(6) 41991
content is too short. Outside of the EU 46 32.17 351
Alternative content for <iframe> Eguélfzxrllt??es ;g ;gg 14528
clement s not provided. Outside of the EU 35 24.48 119
Client-side image map associated Hungarian 5 13.16 9
with this image, long description is EU Countries 44 15.60 66
necessary. Outside of the EU 34 23.78 51
Redundant text link for some of the Egu(lilfsgé?es 358 Sig 680
image maps' link is not provided. Outside of the EU 24 1 6:78 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 Number of
. . websites not Percen- Number
information and structure can be Country P
separated from presentation satisfying tage of errors
p P : Guideline 1.3
Use 'title' attribute to identify form Hungarian 20 32.6 178
controls when the <label> element EU Countries 173 61.35 1162
cannot be used. Ou‘de?J of the 77 53.85 437
Hungarian 21 55.26 179
Use <label> element to associate text EU Countries 189 67.02 1255
label with form control. Outde?J of the 77 5385 498
Hungarian 1 2.63 2
Advisory information provided with ~ EU Countries 6 2.13 8
'title' attribute is too long. Outside of the
0 0 0
EU
Hungarian 0 0 0
Advisory information provided with ~ EU Countries 3 1.06 4
'title' attribute is too short. 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 Number of
help users find content, orient Country websites not  Percen- Number of
themselves within it, and navigate satisfying tage errors
through it Guideline 2.4
. ) o Hungarian 38 100 38
‘Title tag correctly provided butiis (o0 279 98.94 279
important to check if it identifies the Outside of the
subject of the Web page. EU 142 99.30 142
Hungarian 0 0 0
Title tag is missing. EU Cpuntnes ! 0.35 !
Outside of the 1 0.70 |
EU )
Hungarian 3 7.89 3
Title tag has too long value. giggsgﬁﬁz >4 19.15 84
29 20.28 29
EU
Hungarian 2 5,26 6
Short text alternative for non-text EU Countries 22 7.80 128
content is not provided. Outside of the 2 15.38 102
EU
Hungarian 2 5.26 6
Short text alternative for non-text EU Countries 7 2.48 14
content is too short. Oude% of the 3 210 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: 3948 % errors.

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

Number of Number
Guideline 3.1 Make text content websites not Percen-
Country P of
readable and understandable satisfying tage
Guideline 3.1 errors
The <htmI> element doesn’t have Hungarian 38 100 38
'dir' attribute, which specifies the EU Countries 274 97.16 275
base direction of directionally neutral
text. (The default direction is left-to-  Outside of the EU 131 91.61 376
right.)
The <html> element doesn’t have Hungarian 15 39.47 15
'lang' attribute, which specifies the EU Countries 200 70.92 206
base language of text content. 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 Nun}ber of
. . websites not  Percen- Number
placement and functionality Country . o
of content predictable satisfying tage of errors
P Guideline 3.2
Script on page call Hungarian 15 39.47 59
window.open() function. Check that EU Countries 134 47.52 600
this is a user requestable function. Outside of the EU 67 46.85 301
Script on page call alert() function. Hungarian 11 28.95 38
Check that this is a user requestable EU Countries 85 30.14 410
function. 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

Number of

with current and future user websites not Percen- Number
. . o . Country P
agents (including assistive satisfying tage of errors
technologies) Guideline 4.1
. . Hungarian 31 81.58 5799
This tag is not closed correctly. —— pyyn 0 e 253 8972 28249
Assistive technologies may can't parse Outside of the
the content accurately. u U 123 86.01 9993
Hungarian 8 21.05 70
The 'id' attribute isn't unique. gUt ?gun?iﬁs 62 21.99 641
utside ot the 31 21.68 666
EU
Use 'title' attribute to identify form Hungarlap 17 44.74 174
EU Countries 181 64.18 1219
controls when the <label> element Outside of th
cannot be used. “SH;EP ¢ 76 53.15 447
Hungarian 21 55.26 179
Use <label> element to associate text EU Countries 189 67.02 1257
label with form control. Outside of the 74 51.75 509
EU
Hungarian 1 2.63 2
Advisory information provided with ~ EU Countries 6 2.13 8
'title' attribute is too long. Outside of the
0 0 0
EU
Using <legend> element allows Hungarian 0 0 0
authors to assign a caption to EU Countries 4 1.42 6
a <fieldset> and improves Outside of the
accessibility. EU 2 1.40 14
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Figure 4.18. Number of errors in each category occurring on webpages in Hungary
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The number of errors in each cathegory in Europe
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Figure 4.19. Number of errors in each category occurring on webpages in Europe
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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.

ili. 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.

viil. 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.
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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:

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

e 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.

GDP 2017 Total. The e'lder")ly The el(.ierlz
Us$ pO.pl.llatIO.n . population A) of population %
Country o1s (millions) in Region total population of total
billion . < .
[230] August in 2013 or 2014  population in
2018 [231] [229] 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.

GNI per capita, Atlas GNI per capita, PPP

Country method (current USS)  (current international $) Region
[233] [234]

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.

Number of the

Country 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)

2. Each link can be determined based on the link
text alone.
2.1 Can linked texts be followed?

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

3.1 Protanomaly

3.2 Deuteranomaly

3.3 Tritanomaly

3.4 Achromatopsy

4. Is there CAPTCHA on the website? (yes/no)

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

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)

Developing a blind version site is not a good
solution.

E.g. “click here” or
understandable.

If the earlier answer is “yes”, please write the text
of the link here.

Check it with the Google SEE web-application.

“here” links are not

If you answered “yes” to the previous

question, please indicate here

which colour information

was lost!

For this question, look at the whole web page, not
just the main page!

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!

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 I1/3.1: 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 I1/3.2: 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 I1/3.2: 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 I1/3.3: 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 I1/3.3: 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 11/3.4: 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 11/3.4: The average error numbers are equal comparing V4 and N-W-EU countries in
case of each conformance level versus they are different.

Q I1/3.5: Which are the most frequently violated principles based on the error numbers of
AChecker results and how much are the extreme values?

H I1/3.5: Most error numbers originate when web developers violate the first principle.
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4.3.3.3 Comparison

Q I1/3.6: 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 I1/3.6: 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 I1/3.7: 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 11/3.7: 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 I1/3.8: Is there any difference between the N-W-EU and V4 countries based on the
experts’ test?

H I1/3.8: 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 I1/3.9: 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 11/3.9: 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 I1/3.10: 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 11/3.10: 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 I1/3.11: 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
Experiences
Marketing
Technology

0.646
0.357
0.467
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 (;) = 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, [=independent)

Two-sided alternative One-sided alternative
hypothesis 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 I1/3.3: 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

Total
Two sided One sided
P-value 0,886 0,297 0,005 0,082 0,041

Error type Known Likely Potential

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
2

o = = e =

% 3 & = 3 > 5 2 5 &

3 = a = = a = & g a

A 2625 3454 213 38.608 86.81 371 035  32.616 66.75
AA  11.167 2482 155 6.843 12532 68 0.82 8.939 19.501
AAA 10.646 42.677 275 3.451 12415 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 I1/3.6: 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.
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Figure 4.22. Data of the investigated websites

AVERAGE DATA OF COUNTRIES

45 50 &5
1
L=}

4.0

DATA OF ACHECKER TEST
35

30

74 75 76 77 78 79 80
DATA OF NIBBLER TEST
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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Table 4.28. The rank and the clusters of the countries according to the Nibbler and
AChecker tests

FIN PO HU SWI SWE SLO CZR GER AU

Nibbler average values 7.348 7.395 7.476 7.595 7.827 7.838 7.881 8.011 8.044

Rank 9 8 7 6 5 4 3 2 1
Nibbler cluster 3 3 2 2 1 1 1 1 1
i:ggfkeravmage 2.403 5649 4505 2517 2.809 3.823 3388 5.021 2.624
Rank 1 9 7 2 4 6 5 8 3
AChecker clusters 1 3 3 1 1 2 2 3 1

Table 4.29. demonstrates that the correlations are low, and we accept the hypothesis of

the independence of both the rank and clusters on very high levels of significance.

Table 4.29. The results of testing the independence of ranks and clusters of countries
provided by Nibbler and AChecker tests

Covariance  Correlation p-value
Ranks -0.625 -0.083 0.831
Clusters 0.083 0.104 0.791
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Figure 4.24. The plotted ranks
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Figure 4.25. The plotted cluster numbers
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4.3.4.4 Results based on the experts’ tests

Answer to Q II/3.7: Following Google Chrome SEE web-application tests, we can
ascertain that we found no lost information. We can state that these websites can be used
equally by users who have colour-deficiency problems. The zero value in Table 4.30,
column 3 confirms that there was no information loss when simulating four types of colour
deficiencies, see Table 4.12, question 11/3.3.

By testing the websites with Variantor special glasses, we can state that we found no
information loss, these websites can be used equally well by users with colour-deficiency
problems.

Answer to Q I1/3.8: Based on our questionnaires, there is no usual significant difference
between the V4 and the N-W-EU countries. Results focusing on countries and groups of
countries are found in Table 4.12. The results are summarized in Table 4.30.

Table 4.30. The ratio of webpages satisfying special requirements in the different
countries and groups of countries

Question

number 1 2 3 4 5 6 7 8 >
g 2 g 2
s £ .5 £ % ez £
S = 25 © g > £ £33
& =8 . 2 = 2 23
= =~ o8 g ) 2 2 g =
2 = S <
HU 0 0.882 0 0.176  0.529 0 0.824 0 0.65
AU 0 0.875 0 0 1 0.125 1 0.125 1.25
CZR 0 0 0 0 0.875 0.125 0.875 0 1.75
FIN 0 0 0 0 0.7 0.9 0.8 0 1.5
PO 0 1 0 0.125 0.5 0 0.625 0 0.25
GER 0 1 0 0 1 0 1 0 1
SWI 0.125 1 0 0 0.688 1 0.5 0 0.06
SLO 0 0.615 0 0 0.769 0.077 1 0 1.15
SWE 0.125 1 0 0 0.625 0.25 0.75 0 0.25
V4 0 0.674 0 0.087  0.652 0.043 0.848 0 0.91
N-W-EU 0.059 0.784 0 0 0.784 0.549 0.765 0.019 0.73
TOTAL 0.031 0.732 0 0.041 0.722 0.309 0.804 0.01 0.81

Creating blind website versions has turned out to be a less convenient solution for
providing accessibility. Usually the blind version is not updated frequently enough and
contains old information. The applied aspects of measurement include the following: each
link should be determined from the link text. E.g. “click here” or ‘“here” is not
understandable; i.e. the user could ask where they are. Success Criterion 2.4.4 Link Purpose
(In Context), that is the purpose of each link can be determined from the link text alone or
from the link together with its programmatically determined link context, except where the
purpose of the link would be ambiguous for users in general (Level A)”.[109] Therefore,
the values of the first and second columns of Table 4.30 are considered with a negative sign.
Column six is not subject to analysis because of its redundant nature. Native language users
of a country do not need the English version of a site for accessibility. Websites with a WAI
logo were scored separately.
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Only one Austrian healthcare-related governmental website contains a WAI accessibility
logo among the 99 websites included in the study. This poor result may have two underlying
reasons; designers either do not know about it or they do not consider it important. The fact
that the WAI logo is rarely found on the investigated websites disproves the statement by
Goodwin et al. [127]: “website with WAI logo have better website accessibility scores.”
We can state that it is not true that a website with a WAI logo has better accessibility scores.

Based on the last column of Table 4.30 (total score), it can be established that the best
performing countries are the Czech Republic (total score: 1.75), Finland (total score: 1.5)
and Austria (total score: 1.25), they are followed by Slovakia (total score: 1.15), Germany
(total score: 1.0) and Hungary (total score: 0.65). Although the total score: 0.91 of the V4
countries was higher than the total score: 0.73 of the N-W-EU countries, there is no
significant difference between them. Altogether, based on both the statistical analyses and
the Nibbler results, the first three countries were Germany, the Czech Republic and
Slovakia and statistics showed that the order in AChecker test result was Finland,
Switzerland and Austria. This suggests that the Nibbler results are more similar to the
findings of the questionnaires. This also demonstrates that for a thorough evaluation
automated tests and human feedback must complement and confirm each other.

Table 4.31. Comparison of V4 and N-W-EU countries from the different perspectives
(E=there is no significant difference, D=different)

Question ) 3 4 5 6 7
number
Blind — Link — Colour ) prepa Keyboard E8ISM Regponsive
version purpose deficiency version
7.49E-
p-value 0.095 0.220 1 0.032 0.147 08 0.303
Decision E E E D E D E

Comparing the V4 and the N-W-EU countries there are no usual significant differences
between the ratios. The exceptions are the CAPTCHA function and English version
availability as we take the previously mentioned calculation in Table 4.30 into account. The
total score of the V4 counties is 0.91, whereas that of the N-W-EU countries is 0.73.

4.3.4.5 Results for external and internal characteristics
Answer to Q I1/3.9: AChecker tests

Fig. 4.26 and Fig. 4.27 show that in the case of the AChecker test a larger size does not
imply more errors. The estimated value of the correlation coefficient is 0.027, it is very
close to 0. The p-value of the test is 0.791, therefore, we accept the hypothesis that these
quantities do not correlate. This result is the opposite of what was concluded by Goodwin
etal. in [127].
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AChecker Known Problems — Web Page Size
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Figure 4.26. Box-plot of the AChecker-known values in the function of webpage sizes
(large, medium, small)
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Figure 4.27. The diagram of the AChecker known values in the function of the web page
sizes (Kbytes)

Concerning the Nibbler accessibility test, the opposite results can be seen in Fig. 4.28
and Fig.4.29. The trend that is suggested by the values is that smaller webpages have
slightly lower Nibbler scores on average as compared to larger websites. The categories of
small/medium/large were further defined by the trisection size values.
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Nibbler — Web Page Size
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Figure 4.28. The box-plot of Nibbler Accessibility Scores in the function of the web page
sizes
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Figure 4.29. The diagram of the Nibbler Accessibility Scores in the function of the web
page sizes (Kbytes)

The estimated value of the correlation coefficient is 0.226. Although it is not high, it is
still significantly higher than in the case of AChecker scores. The p-value is 0.025, which
is less than the usual 0.05 significance level, therefore, there is a slight correlation between
size and Nibbler scores. The correlation is positive with larger websites having a higher
Nibbler score. This shows that the creators of larger websites pay more attention to
accessibility but the number of mistakes does not increase with the size of the webpage.

Answer to Q I1/3.10: Figure 4.30 presents the number of AChecker known errors in the
function of the GNI Per Capita.
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AChecker Known Problems — GNI Per Capita ATLAS
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Figure 4.30. The box-plot of the AChecker-Known Problems in the function of the GNI
Per Capita

The correlation coefficient is estimated to be -0.097, thus the hypothesis of independency
can be accepted on a significance level of 0.169.

In the case of Nibbler tests we can notice the opposite phenomenon. The estimated value
of the correlation coefficient is 0.217, which proves a slight positive correlation between
the economic potential and accessibility. The hypothesis of independence is rejected; in the
case of one-sided alternative hypothesis the p-value is 0.016, which confirms Goodwin et
al. [127] too.
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Figure 4.31. The boxplot of Nibbler Scores in the function of the GNI Per Capita

Answer to Q II/3.11: The relationships between the ratio of elderly people and
accessibility were investigated by AChecker and Nibbler as well. We have not found
correlations. The box-plots can be seen in Fig 4.32 and Fig 4.33.
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AChecker Known Problems — Elderly Population
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Figure 4.32. Box-plots of numbers of the AChecker Known Problems in the function of
the elderly population's ratio
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Figure 4.33. The box-plot of Nibbler Accessibility Scores in the functions of the elderly
population's ratio.

The correlation coefficients are 0.166 and -0.039, respectively, so the hypothesis of
independency can be accepted on the usual significance levels.

4.3.5. Discussion of accessibility testing of European health-

related websites
Access to healthcare-related websites is of utmost importance to citizens all over the world,
yet the present research demonstrates that people with disabilities are often excluded. Many

of the accessibility problems identified in this study can be fixed relatively easily and do
not require huge redesigns of the site, for example, adding appropriate ALT attributes for
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images. ALT tags convey the text equivalent of the image on display and are necessary for
those with disabilities as they may not have the ability to physically see the image.

Providing adequate access especially to healthcare-related information is inarguably a
vital task in the field of information technology. Our present research demonstrates,
nevertheless, that people with disabilities are often excluded. For instance, a surprisingly
large number of errors detected by AChecker (see table 4.26) concerns a major area of
improvement, namely Alt attributes. ALT tags convey the text equivalent of the image on
display and are necessary for those users who due to some visual impairment are not able
to physically see the actual pictures themselves on the site. Alt attributes are responsible for
what the screen reader can read in such cases as an alternative text about an image. The
guidelines for implementation, handling and problem resolution are clearly stated in
WCAG 2.0. [109], which already classifies Alt tags as a Level A area. Identifying and
remedying Alt tag issues, as accessibility problems, is a relatively simple task and does not
require huge redesigns of the site.

“Success Criterion 1.1.1 Non-text Content (Level A): All non-text content that is
presented to the user has a text alternative that serves the equivalent purpose.” [109]
“Success Criterion 1.3.1 Info and Relationships (Level A): Information, structure and
relationships conveyed through presentation can be programmatically determined or are
available in text.” [109] “The intent of this Success Criterion is to ensure that information
and relationships that are implied by visual or auditory formatting are preserved when the
presentation format changes. For example, the presentation format changes when the
content is read by a screen reader or when a user style sheet is substituted for the style sheet
provided by the author.” [109] “Success Criterion 1.4.4 Resize text (Level AA): Except for
captions and images of text, text can be resized without assistive technology up to 200
percent without loss of content or functionality.” [109] “The intent of this Success Criterion
is to ensure that visually rendered text, including text-based controls can be scaled
successfully so that it can be read directly by people with mild visual disabilities, without
requiring the use of assistive technology such as a screen magnifier. Users may benefit from
scaling all content on the Web page, but text is most critical.” [109] “Success Criterion
1.4.6 Contract (Enhanced) (Level AAA): The visual presentation of text and images of text
has a contrast ratio of at least 7:1.” [109]

From the data collected and analyzed on the basis of both our questionnaires and the
figures produced by the applied automated tools, we accept hypotheses: H 11/3.1, H 11/3.4,
H1I/3.5,H11/3.6, H11/3.7, H 11/3.8 and H 11/3.11.

The answer is mixed for H II/3.3. For two sub-problems the first part of H 1I/3.3 is
accepted, for another two it is rejected. For a few questions of the second part of H I1/3.3 is
rejected, but in the most cases it is accepted. H 11/3.9 and H 11/3.10 are mixed again.

4.3.5.1 Accepted hypotheses

Taking into account our response to research question Q II/3.1, documented in Table 4.14,
Table 4.15 and Table 4.16, it can be claimed that there is no significant difference between
the expectations in the groups of countries. So, we formulate T II/3.1. T II/3.1: The
expectations of the scores of the V4 countries and the N-W-EU countries regarding the
aspects separately are equal. There is no significant difference. H 11/3.4 is also acceptable.
T 11/3.4: The average number of errors are equal comparing V4 and N-W-EU countries in
case of each conformance level versus they are different. The most frequently violated
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success criterions are 1.1.1 Non-text content, 1.3.1 Info and Relationships, 1.4.4 Resize
Text and 1.4.6 Contrast (Enhanced) (see Table 4.26), which are all known problems, they
belong to Principle 1. So, H 1I/3.5 is true. T II/3.5: Most errors originated when web
developers violated Principle 1 — that is, web developers do not provide a text alternative
to any non-text content. We accept H 1I/3.6 because the independence of the two
evaluations can be accepted both in case of the websites and countries. It is proven by Figure
4.22, Figure 4.23, Figure 4.24, Figure 4.25 and Table 4.27, Table 4.28, Table 4.29. T 11/3.6:
There is no correlation between Nibbler and AChecker evaluations, either in ranks or in
values. Regarding the answers to questions Q II/3.7 and concerning H 11/3.7 hypothesis we
can state the following thesis about the colour design of the investigated websites. T 11/3.7:
Users with colour-deficiencies are able to use the investigated websites the same way as
people with no vision impairment (here we applied SEE and Variantor glasses). T 11/3.8:
There is no significant difference between the N-W-EU and V4 countries based on the
evaluation of the experts’ questionnaire (see Table 4.30). T 11/3.11: There is no connection
between the ratio of elderly populations and web accessibility, even though elderly people
need more accessible web pages (see Fig. 4.32 and Fig 4.33).

4.3.5.2 Mixed cases

We agree with the first part of H 1I/3.2 because the scores show medium positive
correlations numerically in the case of V4, N-W-EU countries and all countries. (See Table
4.16 and Table 4.17.)

We reject the second part of H I1/3.2. In most cases the correlation between the different
aspects cannot be considered zero, therefore, the scores gained at different aspects are not
independent. In the case of the two-sided alternative hypothesis the only exception is the
Marketing-Technology pair in the case of the V4 countries. Therefore, in the case of any
other pairs we can state that on average a larger score for a certain aspect implies larger
score for another one.

Consequently, we formulate T 11/3.2 as follows: Better technology results in higher
accessibility in numerical values. Although numerically the average number of errors of the
N-W-EU countries is higher in the case of level A than that of V4 countries and the opposite
is true for level AA and AAA, statistically there are no significant differences between the
expectations. (Table 4.24 and Table 4.25 show the results.) Larger score for one aspect
implies larger score for another one, except for Marketing and Technology in the V4
countries.

T 11/3.3: There are no significant differences in the case of known and likely problems.
Considering the numbers of errors of all types, we can state that the expectation is larger in
case of V4 countries than in the case of N-W-EU countries. The most frequently affected
guidelines are Non-text content, Resized text and Contrast. Non-text content means that
there is no verbal explanation for the figures. Success Criterion “1.4.4 Resize text (Level
AA)”and Success Criterion “1.4.6 Contract (Enhanced) (Level AAA)” (see Table 4.26)
were detailed in the first paragraph of the Discussion (4.3.5.1). The expected numbers of
the above errors can be considered the same in case of V4 and N-W-EU countries.

The scores are not country specific and not country group specific. There is a high degree
of variation among individual webpages in the same countries. This implies that there are
very well and there are particularly poorly performing sites in each country. There is no
correlation between Nibbler and AChecker results. Although they do not measure the
results based on the same algorithms, it is necessary to compare them since they
complement each other, and they allow us to ascertain which one yields similar results to
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the applied questionnaires. AChecker tests investigate mainly programming solutions,
while Nibbler takes user experience into account, therefore, correlates more to the
conclusions drawn on the basis of user feedback. This comparison helps web developers
decide which test serves their goals better, depending on what they want to test.

We also performed the tests designed by Goodwin et al. [127] for investigating the
relation between size and accessibility. The result is mixed: we accept the hypothesis of the
independence of size and accessibility if we measure accessibility by AChecker, but if
independence is measured by Nibbler we reject the previous statement and accept the notion
that size and accessibility go hand in hand. T I1/3.9: The size of the webpage does not
correlate with the number of the known errors indicated by AChecker, larger websites do
not contain more errors than smaller websites. Larger websites, however, have better
accessibility if the accessibility is characterized by Nibbler scores.

Q II/3.10 is motivated again by Goodwin et al. [127]. We investigated the relation
between economic potential and accessibility. We found that HO is accepted if accessibility
was measured by AChecker, and HO is rejected if the accessibility was characterized by
Nibbler scores.

T I1/3.10: The effect of the economic potential of a region cannot be demonstrated in
AChecker tests, but it can be presented in the results of the Nibbler test. The countries with
higher GNI per capita have more accessible websites by Nibbler.

4.3.6 Conclusion of accessibility testing of European health-
related websites and extension of the recommendations of
accessible web design

The element of innovation this research presents is that is looks at some relevant
accessibility issues concerning health-related websites in different historical and economic
regions in Europe. Such a detailed statistical comparison has not yet been carried out in
Europe for testing healthcare-related websites, even though their regular revision seems
necessary owing to the demands of the growing elderly population. The authors would also
like to draw attention to the fact that the two applied automatic testers yielded different
accessibility results for the same sites, therefore, statistical evaluation based on user
response has proven inevitable for thorough analysis.

This research demonstrates that the vast majority of healthcare-related websites in the
North-West-European (N-W-E) and V4 countries (Czech Republic, Hungary, Poland,
Slovakia) does not meet industry-related accessibility guidelines. Most of the websites in
this research violated the same guidelines because their designers did not take the needs of
people with disabilities into account. Consequently, these websites contain almost the same,
very common errors. Accessibility errors should be identified by software testing tools
based on WCAG 2.0 and user response. We did not find differences between the results of
N-W-EU and V4 countries, in spite of the fact that the GDP and GNI of the N-W-EU
countries are much higher than the GDP and GNI of V4 countries.

First of all, the findings in this paper might help web designers by providing a better
understanding of their websites and can also be used to facilitate assessing web accessibility.
Second, if service or software development has been carried out without taking the
requirements of accessibility into consideration, it is certain that the result will not be an
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accessible solution and accessibility problems will emerge. The accessibility problems will
remain until an expert in accessibility gives instruction to web designers, otherwise web
designers will have to familiarize themselves with all accessibility guidelines. There is no
doubt that users with special needs are not involved in the design process and the testing of
the usability of websites. Furthermore, it is clear that the cost of developing accessible
websites from the first step of the design process is much cheaper than to redesign or
transform the badly designed website and make it accessible.

All our measurements and research are based on the WCAG 2.0 guidelines, meanwhile,
the newest version WCAG2.1 [180,181] has just been released. In the future, this research
should be repeated based on WCAG 2.1, but currently there is a lack of effective automatic
test tools based on WCAG2.1.

Unfortunately, the identified known, likely and potential problems, errors have not
changed for the last 10 years compared to our earlier research. [17,37] My recommendation
still holds. [17,37] (see subchapter 4.2.4.)

I am hereby extending my earlier recommendations by adding two additional Points:

xi.  All websites must be made responsive so that they can be accessed by any
device or platform independently of screen size.

xii.  Websites should be tested with real users. Involve people with disabilities in the
research, design and development process. Include different disabilities with
the help of:

e focus groups
e usability tests
e design and research team.

I summarise the subthesis based on the 4.3 subchapter:

Subthesis I1/3. For website accessibility testing of European health related websites I
offer a dual measurement system combining both the application of automated testing
software and user feedback. For that I have developed an expert questionnaire to test
web pages. I have extended my previous recommendation with two new points. [4]
Moreover I have disproved Goodwin et al.’s thesis [127] that the wealthier a country
is (GNI per capita), the fewer barriers will be present on its websites and the larger
size of webpages in Kbytes is, the larger barriers will be presented on its websites. So,
I have demonstrated that the design of accessible websites is independent of the
economic situation and webpages size and also demographic needs. [4]

T II/3.1: The expectations of the scores of the V4 countries and the N-W-EU countries
regarding the aspects separately are equal. There is no significant difference.

T 11/3.2 Better technology results in higher accessibility in numerical values. Although
numerically the average number of errors of the N-W-EU countries is higher in the case of
level A than that of V4 countries and the opposite is true for level AA and AAA, statistically
there are no significant differences between the expectations. Larger score for one aspect
implies larger score for another one, except for Marketing and Technology in the V4
countries.

T 11/3.3: There are no significant differences in the case of known and likely problems.
Considering the numbers of errors of all types, we can state that the expectation is larger in
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case of V4 countries than in the case of N-W-EU countries. The expected numbers of the
above errors can be considered the same in case of V4 and N-W-EU countries.

T 11/3.4: The average number of errors are equal comparing V4 and N-W-EU countries
in case of each conformance level versus they are different.

T I1/3.5: Most errors originated when web developers violated Principle 1 — that is, web
developers do not provide a text alternative to any non-text content.

T 11/3.6: There is no correlation between Nibbler and AChecker evaluations, either in
ranks or in values.

T 11/3.7: Users with colour-deficiencies are able to use the investigated websites the
same way as people with no vision impairment.

T 11/3.8: There is no significant difference between the N-W-EU and V4 countries based
on the evaluation of the experts’ questionnaire.

T I1/3.9: The size of the webpage does not correlate with the number of the known errors
indicated by AChecker, larger websites do not contain more errors than smaller websites.
Larger websites, however, have better accessibility if the accessibility is characterized by
Nibbler scores.

T I1/3.10: The effect of the economic potential of a region cannot be demonstrated in
AChecker tests, but it can be presented in the results of the Nibbler test. The countries with
higher GNI per capita have more accessible websites by Nibbler.

T I1/3.11: There is no connection between the ratio of elderly populations and web
accessibility, even though elderly people need more accessible web pages.

In conclusion, a site that meets accessibility requirements opens the market to a wider
range of customers. If we look at the growing number of elderly people, their demand for
accessible websites can be expected to increase. If companies do not focus on these
requirements, they will lose a high number of their customers. The overall benefit is that of
increased value. The issues identified in this study can also be considered to be independent
of financial considerations, since they require only a bit of attention and the willingness to
identify the needs of people with disabilities.
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Chapter 5

Universal design and accessibility in
e-health-related applications

This chapter is based on my previous publications: ten journal papers [2,15], [18-24], [29]
and eleven publications in conference proceedings [39], [44-53].

The goal of this chapter is twofold. Firstly, the research field is related to universal design
and accessibility. Secondly, it shows application areas of helping people with several
disabilities. The application areas are based on three international collaborations.

The first part of this chapter shows the research under the umbrella of the “Game On
Extra Time project”. The project supports people with learning disabilities and additional
sensory impairments in their daily activities, via games-based learning. For that we have
developed several VR games. In this research I have addressed questions related to the
design and evaluation of such games and my design solutions to suit the individual needs of
the target audiences.

The second part of this chapter describes the research work in the “Telemedicine System
Empowering Stroke Patients to Fight Back™ project. This project provided us the essentials
to create many VR- and multimedia-based games, and motivational-educational animations.
During this project I contacted not only therapists but also patients with special needs and
skills were also taken into consideration. That is how I formulated the functional and non-
functional requirements of such games and created a new method which is based on the
continuous feedback from the users.

The third part of the chapter is the practical and theoretical evidence of how an accessible
website could be developed for healthcare. The purpose of this pilot study was to determine
the usability, utility, and feasibility of a website we created to increase engagement and
improve the quality of the preoperative education patients receive in preparation for hip and
knee arthroplasty. The usability of the developed website based on the Perceived Health
Website Usability Questionnaire online survey was performed. The paper-based survey
contains ten questions using a 7-point Likert scale, while the web-based survey contains
fourteen questions using the same 7-point Likert scale. Descriptive statistics and
independent samples t-tests were used for comparative analysis of usual paper education and
website education cohorts. According to the survey results for the nursing staff, they
believed that the use of the website improved nursing workflow, efficiency, and patient
education.
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5.1 User interface evaluation of serious games

5.1.1. Introduction user interface evaluation of serious game

Ten serious games have been designed and evaluated under the EU Leonardo Transfer of
Innovation Project: Game On Extra Time (GOET) project [128]. The project supports
people with learning disabilities and additional sensory impairments in getting and keeping
a job by helping them to learn, via games-based learning, skills that will help them in their
working day. These games help students to learn how to prepare themselves for work and
for dealing with everyday situations at work, including money management, travelling
independently etc.

People with intellectual disabilities often face a lack of control and opportunity in their
everyday lives, with less than 10% having jobs [245]. People with Intellectual Disabilities
experience low levels of employment and face barriers to employment. The UK Valuing
People Report [246] and the Learning for Living and Work Report [247] have emphasised
the need to promote and develop appropriate training and employment opportunities for
this target audience. The Game On Extra Time (GOET) project provides a response to these
calls, by the development of engaging and accessible serious games to develop work-based
skills in this target audience.

In this research I have addressed questions related to the design and evaluation of such
games and our design solutions to suit the individual learning needs of our target audiences.
It is necessary to design the user interfaces for maximum accessibility and usability. In this
way we minimised the additional cognitive load placed on the user when navigating within
the software. In order to achieve these goals I have followed published design guidelines
and placed emphasis on using graphics, animations, interactivity, choice and auditory
output to promote user engagement and provide alternatives to text. In this chapter I will
address the pilot testing of the user interface of these serious games.

These games, which are tested in all partner countries (UK, Lithuania and Hungary),
include [42]:

e 3D Work Tour: simulating the first days at work in a games ‘mod’ created using the
Half Life 2 engine

e Cheese factory: teaching the students using fractions and percentages based on the
popular Tetris Game.

e Memobile: trains the student in the important things to do in preparing to leave the
house and throughout their working day using mobile phone technology
programmed using Flash.

e My Appearance: covering everyday routines such as personal hygiene and getting
ready for work-tasks, from getting up until leaving home, using a Flash game.

e VR supermarket: helps to teach students about money management skills within a
store environment, developed using Flash.

Five more games were developed but were not tested in every partner countriy. These
are “Anger management”’, “Personal Hygiene”, “Starting Work”, “Stress at work™ and
“Work Sustainability”.

Today, game design also involves a focus on traditional usability such as creating clear
terminology as well as non- intrusive, easy-to-use user interfaces [248]. While more than
ten principles are under consideration, a preliminary subset of the Game Approachability
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Principles (GAP), aimed at better engaging casual gamers, is shown below. This specific
“shortlist of six” GAP was formulated in keeping with leading learning theories such as
[249] Social Learning Theory [250] Self-efficacy, another key concept and term used in
education and learning.

Game Approachability Principles (GAP) for Improving Game Approachability [251]:

(1) Observation and Modelling;

(2) Self Efficacy;

(3) Game Based Principles (Identity, Manipulation and Perception);

(4) HELP and PLAY Based Guidelines (such as players not being penalized
repetitively for the same failure; varying activities and pacing during the game
to minimize fatigue or boredom; etc.);

e (5) Demonstrate Actions and Reinforcement;

e (6) Likeability of the Tutorial

My questionnaire was focused more or less on GAP 1-5 principles.

A key component of usability engineering is setting specific, quantitative usability goals
for a product early in the process and then designing to meet those goals [252]. There are
typically four different activities that every project engages in during a system development
process (Planning, Analysis, Design and Evaluation). Most system development projects
include these activities, or at least similar activities that could be easily identified as one of
these four.

When the consideration of people with disabilities is included in the design process, it is
usual to talk about “Design for all”, “Universal Usability” or “Equitable Use”, implying
that the design should be useful and marketable to any group of users [253]. However,
Newell and Gregor [254] consider that this ideal may be very difficult if not impossible to
achieve. For example, different user groups may provide very conflicting requirements for
a product. As an alternative, they propose a “User Sensitive Inclusive Design”, which
recognises that inclusivity is more achievable than a universal design. One of their
conclusions is that, “User Sensitive Inclusive Design needs to be an attitude of mind rather
than simply mechanistically applying a set of ‘design for all’ guidelines.” With this in mind,
we employ a methodology for the development of games-based learning which was
determined by combining established guidelines on user-centred design e.g. INUSE [255]
and USERfit [256] with contemporary human-computer interaction and product design
research.

One of my goals was with the testing, to make clear the tasks for redesigning the games
before the pedagogical testing. The usability testing of the developed 10 serious games’
user interface is written in this chapter. The research question regarding this study is how a
useful user questionnaire could be developed.

5.1.1.1. Why are serious games appropriate tools for people with
intellectual disability?

According to the 2001 Department of Health White Paper [257], people with intellectual
disabilities are amongst the most socially excluded and vulnerable groups in Britain, and
this is unlikely to differ in other countries. Very few have jobs, live in their own homes or
have real choice over who cares for them. Today, the majority no longer live in institutions
but in the family home and, although their individual needs will differ, there is an
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expectation that they will achieve greater independence and greater inclusion in society
[257]. The intention of current policy is to enable them to have as much choice and control
as possible over their lives, to be involved in their communities and to make a valued
contribution to the world at work. However, in order to achieve these aims, their education
needs to equip them with appropriate skills. The Tomlinson Report [258] highlighted the
need to provide courses which teach independent living and communication skills, and this
need has been reiterated by others [259].

For people with intellectual disabilities, computer-based learning has a huge contribution
to make. According to Hawkridge and Vincent [260], it enables pupils to take charge of
their own learning, and they will find stimulation through ‘enjoyable repetition’ and a
gradual increase in level of challenge. Blamires [261] argues that enabling technology
provides access to educational opportunities and life experiences and facilitates engagement
with knowledge and people: “Speech, pictures, words, and animation can be combined in
interactive ways to structure concepts to suit the level of understanding of learners and their
interests.” [245] Thus it facilitates alternative methods of supplying information, which
may help this group of people grasp more complex concepts. This is of particular
importance for learners who may have a poor grasp of language, and its abundance of visual
opportunities makes it particularly suitable for those with little or no hearing. [245]
Additionally, the use of games-based learning has been promoted for people with
Intellectual Disabilities. Originally, the majority of the research on computer games focused
on the negative aspects [262]. Pivec [263] makes the point that while it is widely recognised
that games have an important role in early learning, as education becomes more formal,
games tend to be seen as just an “unserious activity” (p. 387). In a review of both the
positive and negative effects of playing videogames, Griffiths [264] describes the role of
videogames in cognitive rehabilitation, for example in perceptual disorders, conceptual
thinking, attention, concentration and memory in patients with brain damage following
stroke or trauma. More recent studies have produced empirical evidence to demonstrate the
efficacy of games-based learning in the cognitive rehabilitation of people with intellectual
disabilities, to improve choice reaction time [265], independent decision making [266] and
working memory [267]. One of the primary advantages of games in learning is their ability
to engage the learner voluntarily in sufficient repetitions of the activities to ensure learning
takes place. [263] This is what Garris et al. [267] termed persistent reengagement, where
the player returns to the task unprompted. In short, computer-based instruction, and more
importantly games-based learning, can make a very real contribution to teaching essential
life and work-based skills to people who struggle to find other ways of learning these skills,
and the usability evaluation of such games is essential if we are to make them fit for use by
this very specific target audience.

5.1.2. Short description of the tested games

In this section the main design requirements of the tested games, “Cheese factory”, “My
Appearance”, “3D Work Tour”, ”VR supermarket”, “Memobile”, “Anger management”,
“Personal Hygiene”, “Starting Work”, “Stress at work™ and “Work Sustainability”, are
described. Screenshots of the tested games are available in [22], [42,43].

Cheese Factory game: The Goal of the Cheese Factory Game is to teach percentages,
fractions and decimals. Players are challenged to match the falling shape with the shapes
distributed along the bottom of the interface to form a whole ‘cheese’. Initially the challenge
is one of shape matching by using the arrow keys to position the shapes along the bottom
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of the interface with the falling shape. This matching challenge addresses the underlying
‘language of fractions’. Later, the challenge of the game is increased, where the falling
shapes become amorphous, and players are challenged to match the falling number (without
the added benefit of the appropriate shape to indicate value), expressed as either a
percentage, fraction or decimal, as we move to fractional notation. This replicates the real-
world steps when teaching these concepts to students with special educational needs. The
game can be played at varying speeds and has increasing levels or challenge to make it
scalable for a wide range of abilities. Cheese factory teaches the students to use fractions
and percentages based on the popular Tetris Game. The user interface of this game is simple
too. The instructions are clear, the colours are appropriate, and they are in harmony with
the overall interface. The users’ results are shown on the right side of the game, and the
next piece of the cheese is also shown. These features support the user in their on-going
learning tasks.

My appearance game: My Appearance teaches the students everyday “morning” tasks,
from getting up until leaving home, using a Flash game. The graphic interface of the game
is clear and understandable and cartoon-like. It simulates the sequencing of morning tasks
in preparation for leaving for work, and the structure of the game is very consistent. For
example, after getting up, having a shower, getting dressed and eating breakfast, the user’s
avatar is ready to leave for work and its appearance improves. At the end of the game the
user receives feedback on his/her performance using sound, subtitles or BSL. If the student
forgets to wash his/her hands or forgets to have a morning drink, the game doesn’t interfere
— it lets the student make mistakes and learn from doing so by reflecting on the game
responses to their actions.

3D Work Tour game: 3D Work Tour simulates the first days at a workplace in a games
‘mod’ created using the Half Life 2 engine. After selecting the language there are two
possibilities: subtitles and video tour with BSL (British Sign Language) for hearing
impaired users. The user interface is very simple and very clearly organised. The VR
environment and avatars are realistic and look similar to the work-based environments and
people in the real world.

VR Supermarket game: The VR supermarket game helps to teach students about
money management skills within a store environment developed using Flash. The player
enters the virtual supermarket and is given a virtual wallet, shopping list and shopping cart.
The goods on a given shelf are displayed with their names, prices and images attached to
them. To place an item to the shopping cart, the player only has to click on the given item.
Before paying, the bar code scanner registers the price of each item in the shopping cart one
by one. During this step, both the cashier and the cash register will give feedback to the
student. To pay for the items, the student has to place a sufficient sum of money onto the
drop panel by clicking the separate banknotes and coins in the wallet and then hitting the
pay button.

Memobile game: The Memobile game trains the student in the important things to do in
preparing to leave the house and throughout their working day, using mobile phone
technology programmed using Flash.

Anger Management game (with English BSL): This set of content uses opposed video
sketches that the player must choose between. The topics cover: Discipline, Peer pressure,
Bullying, Frustration and Stress. Selection uses the “True” or “False” approach, the player
should choose the clip showing the most appropriate behavior.
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Personal Hygiene game: This is a very simple set of content. It comprises 7 personal
hygiene statements that are answered as “True” or “False”. The play begins with a brief
preamble and some simple usage instructions. Each of the seven statements has a relevant
background image. The “True” and “False” locations are randomly assigned. After
answering “True” or “False”, a feedback statement is given; a correct answer is associated
with a green smiley face, a wrong answer is associated with a red sad face.

Starting Work game: This game simulates the player’s home and presents a number of
multiple-choice questions relating to getting ready to start work, in the appropriate locations
around a house. These locations are the bedroom, bathroom, kitchen and living room. When
the player chooses to leave the house, they receive a summary of how they performed, plus
the option to save a report of their progress as a PDF.

Stress at Work game (with BSL): This game uses animated content (swf files) and the
“conveyor” interaction to present two or more optional answers covering issues of stress at
work. 8 topics are covered. The game begins with a brief preamble and fairly detailed usage
instructions, in text and BSL. During the game, the player uses the left or right arrows to
move the conveyor at the bottom of the screen and the space bar to select (alternatively,
clicking on an un-highlighted answer brings it to the central location and highlights it;
clicking again selects it). Once a response has been chosen, feedback is given. A correct
answer is accompanied by a smiley face and the answer associated with that issue. Once all
8 items have been answered, the user reaches the feedback screen again.

Work Sustainability game: This game is “Getting and Keeping a Job”. This has a
slightly longer set of content. It comprises 4 sections, with topic-specific statements that
are answered as “True” or “False”. These topics are: Getting a Job (7 statements), Starting
Work (9 statements), Getting ready for work (3 statements), Your working day (10
statements). Each of the sections has a relevant background image. The “True” and “False”
locations are randomly assigned. After answering “True” or “False”, a feedback statement
1s given; a correct answer is associated with a green smiley face, a wrong answer with a red
sad face.

5.1.3. Evaluation of the user interface

There are objective and subjective evaluation methods, for example Heart Rate Variable
based method [29]. We used subjective method based on questionnaire.

I have developed a 5-point Likert Scale close-ended questionnaire for testing the user
interface of the newly developed serious games.

Likert Scales: Likert scales are scales on which the participants register their agreement
or disagreement with the statement. “ Strongly Disagree (1),  Disagree (2), Neither
Agree nor Disagree (3), Agree (4), Strongly Agree (5)” on a five-point scale.

This questionnaire contains 29 questions arranged in 4 themes.

To what degree are the games enjoyable? (6 questions)
Questions concerning the usability of the software (4 questions)
Questions concerning the software’s manageability: (9 questions)
Questions concerning the graphics (10 questions)

If the sentence has a negative meaning, for example, “The noises or music used in the
games were disturbing.”, we converted the user’s answer. Because if the user answer is
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“Strongly Agree (5)”, the answer has negative content, it should not get the best 5 points,
only the minimum 1 point.

The negative meaning questions are:

Using the software was tiring (Table 5.1).

Playing with the software was boring (Table 5.3).

The noises or music used in the games were disturbing (Table 5.14).

Failures were typically results of disorientation (Table 5.16).

Failures were typically results of not being able to recognise pictures (Table 5.26).
Failures were typically results of not understanding instructions (Table 5.27).

The questionnaires were filled in by 8-15 specialists of psychology, teachers, spec.
pedagogy, and IT administrators from Lithuania, Hungary and the United Kingdom. The
specialist scored the games. The mean and standard deviation (STD) of these scores are
written in the table 1-29 in the following section. The scores are between 1.57 and 4.86.
The smallest score is 1.57 (Table 5.1-5.2) with STD=0.53 and STD=1.57. The highest score
is 4.86 (Table 5.17-5.18) with low STD=0.36.

5.1.3.1. To what degree are the games enjoyable (6 questions)

How engaging are the games?

Table 5.1. Using the software was tiring Table 5.2. The content of the software was
engaging

game mean STD game mean STD
Cheese factory 1.57 1.16 Cheese factory 1.57 0.53
My Appearance 3.21 1.76 My Appearance 3.21 0.85
3D Work Tour 3.08 0.51 3D Work Tour 3.08 1.19
VR Supermarket 2.43 1.79 VR Supermarket 2.42 1.49
Memobile 3.07 1.20 Memobile 3.07 0.47
Anger Management 3.80 0.63 Anger Management 3.80 0.63
Personal Hygiene 4.0 1.41 Personal Hygiene 4.00 1.69
Starting Work 2.71 0.99 Starting Work 2.71 0.61
Stress at work 4.56 0.53 Stress at work 4.55 0.93
Work Sustainability 3.63 0.52 Work Sustainability 3.63 0.52

Table 5.3. Playing with the software was boring Table 5.4. The games were easy to
play

game mean STD game mean STD
Cheese factory 3.50 1.22 Cheese factory 4.85 0.36
My Appearance 2.71 1.38 My Appearance 4.57 0.65
3D Work Tour 2.42 1.31 3D Work Tour 3.42 0.67
VR Supermarket 2.36 1.50 VR Supermarket 4.50 0.94
Memobile 3.86 1.10 Memobile 3.43 1.16
Anger Management 3.50 0.71 Anger Management 3.90 0.86
Personal Hygiene 4.23 0.93 Personal Hygiene 3.92 1.55
Starting Work 2.86 0.66 Starting Work 3.57 0.94
Stress at work 3.33 0.50 Stress at work 3.78 0.83
Work Sustainability 2.38 0.52 Work Sustainability 4.00 0.00
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Table 5.5. Activities in game play were Table 5.6. I used the software
predictable willingly

game mean STD game mean STD
Cheese factory 2.71 1.20 Cheese factory 4.71 0.61
My Appearance 3.00 0.96 My Appearance 3.71 1.07
3D Work Tour 3.25 0.45 3D Work Tour 2.33 1.30
VR Supermarket 3.71 1.20 VR Supermarket 4.42 1.02
Memobile 1.64 1.08 Memobile 3.36 1.45
Anger Management 3.00 0.47 Anger Management 3.60 0.52
Personal Hygiene 2.15 1.41 Personal Hygiene 3.46 0.78
Starting Work 3.21 0.80 Starting Work 2.85 0.77
Stress at work 3.00 0.00 Stress at work 3.33 0.50
Work Sustainability 2.00 1.07 Work Sustainability 3.00 0.00

5.1.3.2. Questions concerning the usability of the software (4 questions)

Questions regarding the usability of the software:

Table 5.7. The software displays realistic Table 5.8. The presented situations were relevant
situations and important

game mean STD game mean STD
Cheese factory 3.14 0.86 Cheese factory 3.71 0.61
My Appearance 4.00 0.68 My Appearance 4.14 0.66
3D Work Tour 3.83 0.72 3D Work Tour 3.67 0.65
VR Supermarket 3.86 0.77 VR Supermarket 3.64 0.74
Memobile 3.36 1.00 Memobile 3.43 0.76
Anger Management 4.00 0.00 Anger Management 4.30 0.48
Personal Hygiene 4.15 0.99 Personal Hygiene 4.30 0.63
Starting Work 3.79 0.43 Starting Work 3.79 0.43
Stress at work 3.89 0.33 Stress at work 4.00 0.00
Work Sustainability 4.00 0.00 Work Sustainability 4.00 0.00

Table 5.9. Are you satisfied with the quantity and Table 5.10. Using the software was easy
diversity of the questions used?

game mean STD game mean STD
Cheese factory 3.36 0.63 Cheese factory 4.57 0.65
My Appearance 3.29 1.14 My Appearance 3.86 0.95
3D Work Tour 3.27 0.65 3D Work Tour 3.50 0.67
VR Supermarket 3.36 1.00 VR Supermarket 4.21 0.58
Memobile 3.07 0.73 Memobile 3.50 1.51
Anger Management 3.40 0.52 Anger Management 4.10 0.57
Personal Hygiene 3.62 1.45 Personal Hygiene 3.92 1.19
Starting Work 2.64 0.63 Starting Work 3.50 0.85
Stress at work 2.78 0.67 Stress at work 4.00 0.87
Work Sustainability 3.38 0.52 Work Sustainability 4.00 0.53
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5.1.3.3. Questions concerning the software’s manageability (9 questions)

Questions regarding the software’s manageability:

Table 5.11. There is sufficient opportunity to Table 5.12. The content areas between
correct or revisit responses given in the game levels are distinct
game mean STD game mean STD
Cheese factory 3.71 0.83 Cheese factory 3.86 0.36
My Appearance 3.64 1.08 My Appearance 3.29 1.07
3D Work Tour 3.58 0.90 3D Work Tour 3.58 0.90
VR Supermarket 4.07 0.47 VR Supermarket 343 0.85
Memobile 3.36 1.08 Memobile 3.36 0.84
Anger Management 3.90 0.32 Anger Management 3.10 0.32
Personal Hygiene 3.77 1.09 Personal Hygiene 3.69 1.18
Starting Work 3.64 0.63 Starting Work 3.21 0.80
Stress at work 4.00 0.00 Stress at work 3.11 0.33
Work Sustainability 4.00 0.00 Work Sustainability 3.00 0.00
Table 5.13. It was easy to follow the activities Table 5.14. The noises or music used
in the game in the games were disturbing
game mean STD game mean STD
Cheese factory 4.07 0.73 Cheese factory 4.64 0.74
My Appearance 4.00 0.88 My Appearance 3.90 0.99
3D Work Tour 3.67 0.89 3D Work Tour 4.36 0.92
VR Supermarket 4.21 0.43 VR Supermarket 3.57 1.28
Memobile 3.50 0.85 Memobile 4.00 1.05
Anger Management 3.90 0.32 Anger Management 4.00 1.05
Personal Hygiene 3.00 1.47 Personal Hygiene 2.44 1.13
Starting Work 3.57 0.85 Starting Work 4.00 1.05
Stress at work 4.00 0.50 Stress at work 4.11 1.05
Work Sustainability 1.41 1.07 Work Sustainability 4.25 1.03
Table 5.15. The speech used was clear and Table 5.16. Failures were typically results
understandable of disorientation
game mean STD game mean STD
Cheese factory 3.29 0.61 Cheese factory 4.21 0.89
My Appearance 3.25 0.75 My Appearance 3.64 0.93
3D Work Tour 3.58 0.90 3D Work Tour 3.58 0.51
VR Supermarket 343 1.16 VR Supermarket 343 0.94
Memobile 3.00 0.00 Memobile 3.36 0.84
Anger Management 2.80 0.42 Anger Management 3.40 0.97
Personal Hygiene 3.22 0.67 Personal Hygiene 3.54 0.88
Starting Work 3.00 0.00 Starting Work 3.14 1.03
Stress at work 3.00 0.50 Stress at work 3.78 0.67
Work Sustainability 3.00 0.00 Work Sustainability 3.75 0.71
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Table 5.17. Starting the software was Table 5.18. Closing the software/Quitting at
an easy process the end of the game was easy

game mean STD game mean STD
Cheese factory 4.86 0.36 Cheese factory 4.86 0.36
My Appearance 4.43 1.09 My Appearance 4.36 0.63
3D Work Tour 4.25 1.14 3D Work Tour 4.08 0.67
VR Supermarket 4.36 0.63 VR Supermarket 4.21 0.80
Memobile 3.79 1.42 Memobile 4.07 1.27
Anger Management 4.10 1.19 Anger Management 4.00 0.47
Personal Hygiene 4.08 0.76 Personal Hygiene 4.46 0.66
Starting Work 4.08 1.14 Starting Work 4.00 0.68
Stress at work 4.11 1.27 Stress at work 4.00 0.50
Work Sustainability 3.88 1.25 Work Sustainability 4.13 0.64

Table 5.19. Quitting during the game was easy

game mean STD
Cheese factory 4.36 1.15
My Appearance 3.29 1.54
3D Work Tour 2.08 0.79
VR Supermarket 3.00 1.71
Memobile 2.07 1.49
Anger Management 2.20 0.79
Personal Hygiene 3.08 1.38
Starting Work 2.14 1.46
Stress at work 2.11 0.78
Work Sustainability 1.38 0.74

5.1.3.4. Questions concerning the graphics (10 questions)

Questions regarding the graphics:

Table 5.20. The software’s look is realistic Table 5.21. The software’s look is likeable
game mean STD game mean STD
Cheese factory 3.29 0.61 Cheese factory 4.07 0.73
My Appearance 2.21 1.37 My Appearance 2.79 1.63
3D Work Tour 2.25 1.54 3D Work Tour 2.25 1.36
VR Supermarket 3.69 0.48 VR Supermarket 3.85 0.89
Memobile 3.07 0.99 Memobile 4.00 0.88
Anger Management 3.70 1.06 Anger Management 3.30 1.25
Personal Hygiene 2.77 1.09 Personal Hygiene 2.54 1.13
Starting Work 2.36 1.28 Starting Work 3.21 1.12
Stress at work 3.67 1.12 Stress at work 3.22 1.09
Work Sustainability 1.88 1.46 Work Sustainability 1.75 1.39
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Table 5.22. The software’s look was Table 5.23. The pictures used were easy
appropriate to its aim to recognize

game mean STD game mean STD
Cheese factory 3.92 1.21 Cheese factory 3.57 0.85
My Appearance 3.86 0.53 My Appearance 4.21 0.58
3D Work Tour 3.83 0.58 3D Work Tour 3.92 0.51
VR Supermarket 3.93 1.14 VR Supermarket 3.79 1.48
Memobile 3.50 0.76 Memobile 3.93 0.62
Anger Management 4.10 0.32 Anger Management 4.20 0.42
Personal Hygiene 3.15 0.69 Personal Hygiene 3.77 0.44
Starting Work 3.64 0.74 Starting Work 3.86 0.53
Stress at work 3.78 0.44 Stress at work 3.89 0.33
Work Sustainability 3.88 0.35 Work Sustainability 4.00 0.00
Table 5.24. The illustrations and backgrounds Table 5.25. The connection between the

used were helpful pictures and the actions rendered to them

were unambiguous

game mean STD game mean STD

Cheese factory 3.50 0.65 Cheese factory 3.29 0.83
My Appearance 3.79 0.97 My Appearance 3.71 0.91
3D Work Tour 3.00 0.00 3D Work Tour 3.25 0.62
VR Supermarket 3.00 1.30 VR Supermarket 3.07 0.62
Memobile 3.79 0.80 Memobile 3.50 0.65
Anger Management 3.80 0.42 Anger Management 3.10 0.56
Personal Hygiene 2.00 1.35 Personal Hygiene 3.15 0.55
Starting Work 3.07 0.47 Starting Work 3.36 0.63
Stress at work 3.11 0.33 Stress at work 3.11 0.60
Work Sustainability 3.00 0.00 Work Sustainability 3.13 0.35

Table 5.26. Failures were typically results Table 5.27. Failures were typically

of not being able to recognise pictures results of not understanding instructions
game mean STD game mean STD

Cheese factory 2.79 0.97 Cheese factory 3.07 0.73
My Appearance 2.43 0.85 My Appearance 2.79 1.05
3D Work Tour 2.75 0.45 3D Work Tour 3.17 0.58
VR Supermarket 2.93 1.27 VR Supermarket 3.71 0.91
Memobile 2.36 0.74 Memobile 2.79 0.97
Anger Management 3.20 0.42 Anger Management 3.20 0.63
Personal Hygiene 2.15 0.89 Personal Hygiene 4.00 1.47
Starting Work 2.86 0.77 Starting Work 3.14 0.95
Stress at work 3.11 0.33 Stress at work 3.22 0.67
Work Sustainability 2.50 0.76 Work Sustainability 3.13 0.83
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Table 5.28. The software was rich in Table 5.29. The screens of the software
(visual and audio) stimuli were detailed

game mean STD game mean STD
Cheese factory 3.29 0.73 Cheese factory 3.93 0.73
My Appearance 3.36 0.84 My Appearance 3.21 0.97
3D Work Tour 3.08 0.51 3D Work Tour 3.18 0.60
VR Supermarket 3.79 1.48 VR Supermarket 3.79 0.69
Memobile 3.07 0.62 Memobile 3.07 0.62
Anger Management 4.00 0.47 Anger Management 3.40 0.69
Personal Hygiene 1.92 1.32 Personal Hygiene 3.69 0.75
Starting Work 2.86 0.53 Starting Work 2.93 0.79
Stress at work 3.78 0.44 Stress at work 3.22 0.44
Work Sustainability 3.00 0.00 Work Sustainability 3.00 0.00

After every question there is a “If you wish comment, why you have selected the given
answer” open ended question to supplement the response given. At the end of the test there
is a “30th question” - a half page for further notes, comments and remarks.

5.1.3.5. Score of user interface

Table 30 contains the mean of the scores written in Tables 1-29. All the scores are above
3.2 and 0.487<STD<0.803.

Table 5.30. Mean and standard deviation of the games’ total points

game mean STD
Cheese factory 3.754 0.752
My Appearance 3.522 0.593
3D Work Tour 3.255 0.638
VR Supermarket 3.644 0.547
Memobile 3.318 0.570
Anger Management 3.614 0.487
Personal Hygiene 3.360 0.736
Starting Work 3.232 0.504
Stress at work 3.521 0.525
Work Sustainability 3.203 0.803

In conclusion the scores show (>3.2); all the games’ user interfaces are user friendly and
suitable for the target group, students with intellectual disability.

5.1.3.6. Design principles

We tested the following serious games: : “Cheese factory”, “My Appearance”, “3D Work
Tour”, ”VR supermarket”, “Memobile”, “Anger management”, “Personal Hygiene”,
“Starting Work”, “Stress at work” and “Work Sustainability” software. Our testing process
is based on a 5-point Likert Scale. The test results show that we developed very “easy to
use” and user-friendly games. Based on the evaluation results, we iterated our own design
guidelines for serious games for use by people with intellectual and additional sensory
impairments, which can currently be summarised as, [270], [22], [42,43]:
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Ensure presentation at appropriate speed

Allow users to go back

Allow User Control

Make any text plain text

Never convey information by colour alone

Ensure sufficient contrast

Help users navigate

Make clear Maintain organisation

Use unique and informative text descriptions for any hyperlinks (never click here!)
Use accessibility features

Design simply in simple layouts

Use fallbacks

Make systems consistent and error free

Aim for compatibility with assistive technologies

Allow keyboard access

Do not include elements that are known to cause seizures

5.1.4 Conclusions of user interface evaluation of serious game

In this chapter I have discussed the design and evaluation of 10 serious games and their user
interfaces. These serious games were developed for students with intellectual disabilities to
help them in activities of daily living, their working life and specifically in managing a
budget. We have demonstrated the test process of the user interface design of the serious
games and our solutions for any identified problems for students with intellectual
disabilities.

While many new technologies have become available for research and education, many
fundamental problems remain to be addressed via informatics research. We hope that the
number of investigations conducted in the field of serious games and Virtual Reality for
special needs education will grow. Computer graphics are better now, and the 3D rendering
techniques are becoming more mature, thus contributing to the reality of the simulated
environments [19].

I have answered this topic’s research question and I have developed a useful user
questionnaire for testing serious games.

5.2 Introduction the design telemedicine system

Every year, more than 795,000 people in the United States have a stroke. About 610,000 of
these are first or new strokes [271]. The number of strokes is set to rise because the
proportion of Europeans over 70 is increasing. The projections indicate that between 2015
and 2035, overall, there will be a 34% increase in total number of stroke events in the
European Union from 613,148 in 2015 to 819,771 in 2035 [272]. There are over 13.7
million new strokes each year [273]. Globally, one in four people over age 25 will have a
stroke in their lifetime [274].

Many applications have been developed all over the world for stroke rehabilitation [65].
One of the most interesting of these researches is the VividGroup’s Gesture Xtreme System.
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[275,276] It is a unique approach to VR, which might have important applications for the
rehabilitation of children and adults with physical and/or cognitive impairment.

Telemedically controlled systems, using low-cost, web-based audio-visual telemedicine
units have been tested as well [277]. Connor et al. [278] in San Francisco used a haptic
guided, error-free learning unit with an active force feedback joystick and computer for
rehabilitation of cognitive impairments caused by stroke.

The project called “Virtual Reality for Brain Injury Rehabilitation”, developed at Lund
University in Sweden, investigated usability issues of VR technology for people with brain
injury; examined the issue of transfer and training; developed different applications of VR
for training in daily tasks, such as kitchen work, using an automatic teller machine, finding
one’s way in a complex environment, using virtual vending and automatic service machines.
[279,280]

Questionnaires and focus group interviews were led in Sweden. The researchers
addressed the question of usefulness of VR based rehabilitation equipment in practical
therapy, by letting experienced therapists explore one such equipment for six months in
their regular practice under natural circumstances. The conclusion was that such equipment
has benefits beyond real life training, that variation in content and difficulty levels is a key
quality for wide suitability and that the combination of challenging cognitive activities,
which encourage motor training, was considered particularly useful [281].

According to Burke, the VR games were indeed usable and playable by people with
stroke. Further, the games seemed to stimulate a high level of interest and enjoyment by the
participants [282].

Older people and new technologies are principal research and development areas [283].
Improving the quality of life for elderly people is an emerging issue within our information
society. Most of the stroke patients are in the older generations — their physical and
emotional needs must be supported [284].

Within “StrokeBack™ project, which was funded by the EU, the goal is to improve the
speed and quality of stroke recovery [23], by the development of a telemedicine system
which supports ambulant rehabilitation at home settings for stroke patients with minimal
human intervention.

Changes in clinical practice cause that most patients are discharged from hospital within
a very short time, so the research and development mostly concentrate on home-based
rehabilitation. This approach has various advantages; for example, new skills are
automatically transferred into daily life, improving motivation and morale. In addition,
home-based therapy is less expensive, more motivating and, — because of the familiar
environment — more comfortable too.

The recovery of the voluntary motor control is improved by many repetitions of
functional exercises including fine finger and whole arm movements. By using serious
games, patients are more motivated and willing to do more exercises. Moreover, these
games mean not only recovery of sensory motor control, but improvement in logic and
thinking abilities.

The aftercare of stroke patients was studied in a home-environment-based therapy
system, through the StrokeBack framework [116]. Figure 5.1 shows the StrokeBack system.
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Figure 5.1. The StrokeBack rehabilitation cycle [116].

In the “StrokeBack” project I was assigned the task of leading the team at the University of
Pannonia. The team members consisted of my students. The role of our team in the
‘StrokeBack’ project was to create serious games patients can use during their home
rehabilitation process, or games that can replace clinical rehabilitation and speed up the
process of recovery. The research questions regarding this study are what the functional
and non-functional requirements of rehabilitation games are and whether traditional
software development models can be applied to the development of telemedicine systems
for stroke patients. In this chapter we focus on serious games and animations designed for
the ‘StrokeBack’ project. The usability and special needs were in the focus of the
development. In the development process we relied on our previous experience [3,22].

5.2.1. Wolf Motor Function Test

Jo [285] determined significant differences in Wolf Motor Function Test (WMFT) [286]
score between before and after the intervention in the VR and control groups. Their study
suggests that remote rehabilitation using functionally effective VR makes rehabilitation
training an easy and pleasant experience for patients. Standen [287] showed a low cost
virtual reality system for home based rehabilitation. Participants were assessed at baseline,
4 and 8 weeks using the WMFT and other tests of Daily Living [288]. The games showed
in this chapter were developed based on WMFT test too. Success of the treatment relies
then on the accuracy and repetition of the motor training. The games’ controls in the
‘StrokeBack’ project were based on these single repetitive movements.

5.2.2. VR based games for StrokeBack project

In the first development pace the therapists said that games should be found out based on
Wolf Motor Function Test (WMFT). For the assessment of different motion abilities
WMEFT uses series of tests consisting of 21 tasks. For the development of the rehabilitative
game we received a variant of this test restricted for 11 tasks. For these motions, which are
all plain motions, we planned different skill developing and arcade games. These games are
shown in Table 5.311. In Table 5.31 there is a summary, which sums up, which of the
particular games are appropriate for the practice of which test tasks.

Rehabilitation of stroke patients aided with games has a reason for existence.
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In the StrokeBack project games are single player games, which the patient can play by
himself/herself. After installing and setting up the software, the patient can use it alone; the
therapist won’t need to assist. This can be very convenient, because the user can play at any
time, and won’t need to wait for the appointment with the therapist. It is expected that the
patients will play more with the games, than they would do exercises.

In the earlier phase of the development process Five games were under alpha testing:
Wordy Labyrinth, Memory, Labyrinth, Word Puzzle and Free Kick. Out of the other two
games, Break the Bricks, was already under beta-tests[44]. These games are not only aiming
movement rehabilitation, but they can also improve mental condition with their easy logical

puzzles.

Table 5.31. The connection of games designed for WMF test and the movement that can

be practiced by them
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movements
2. Lift basket X X 2
3. Fold towel X 1
4. Turn key in lock X X X 3
5. Lift pencil X 1
6.Lift can X X 2
7. Reach and X X X X X 5
retrieve
8.Extend elbow— X X X X 4
weight
9. Extend elbow —
side X X X X X 5
10. Forearm to box 0
11. Forearm to 0

table

5.2.2.1. Navigation in the games, controlling with events

The patient can navigate in the games’ menu and start a selected game with dedicated hand
movements, which are not used in the games. During the games, the patient can control the
gameplay with specific rehabilitation exercises. The game is shown on the screen, and the
icons for “pause”, “help” and “quit the game” are shown on the interaction board. The
patient can also stop the game with a dedicated stop movement.

The validations of the moves are very important, not only because it is harmful to learn
a wrong movement. This is why not only the simple movement event is handled, but the
features of the movements are connected to the different, predefined events.

This way the therapists can define sets of rehabilitation exercises which can be used and
which fit for each game, so one game can be controlled with more different training
movements. This is very good, because there is no need to make a new game for every
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exercise, and one exercise can be practiced with more games too, to make the patient more
motivated and satisfied.

From another point of view, with these universal events, the therapist can set up the
games to the patients capabilities. Because the real movement and the movement event is
separated if the patient has lower range of motion, the movement tracking and validating
device could be set up to a “lower level”, which evaluate more inaccurate movements as
“good” ones.

Feedback

The foundation of a good gameplay is the player feedback. When the players’ input is
matched with a response — whether it tells the player that they have hit or missed, failed
or succeeded, or come close or far — the player remains involved in the exchange. The
player is left disillusioned and uninterested if no feedback is given. This is why the feedback
is crucial to any game. The satisfying player feedback can turn even the smallest success in
a game feel fulfilling and can even keep players excited about something out of their control.

Feedback in the games can be provided in many forms. It is mainly connected to
performance of the player and the accuracy of the rehabilitation exercise.

Performance feedback

A simple but informative feedback for the player is the reached score in the game. In our
games, the score, the player achieved on a level is calculated from the time of completing
the level, from the rate of accurate and inaccurate movements (determined by the “good”
and “bad” markings in the movement events) and from specific parameters that each game
has (for example in the Labyrinth the number the player hits a wall can be a parameter).

Another important feedback is the amount of time the player needed to finish a level.
This is principally not important because of the speed, but because the patient needs to play
at least for 5-7 minutes to practice a given exercise efficiently. If the player finishes a level
too fast, then a harder level or a game with longer levels is needed for effective therapy.

It is important to mention, that these scores will not only be shown to the patient, but
they are stored in the database of the game and sent to the therapist as a feedback about the
patient’s performance.

5.2.3. Measuring the efficiency

The developer games are the most efficient if the patient enters into the spirit of the game.
On the basis of the level of immersion the application gives different game experiences to
the patients. The efficiency of the therapy — its expected efficiency based on indirect
measurements — can be predicted. For this can the games’ user test be used, during which
we examined — with volunteer stroke patients and therapists in clinical environment —
that on which level could the users acquire the usage of the games. We also surveyed, with
questionnaires, that on which extent did the game experience remain, and in what measure
did the players find the games, serving a very serious rehabilitation method, a ‘playful” one.
After many phases of the development process, only three games were built into the
StrokeBack system: The Break the Bricks (BTB) game, The Birdie game and the Gardener
game.
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“Break the Bricks” game

Break The Bricks game (Fig. 5.2) is a classic brick breaker game. It was very famous
arcade game in the 90s. The goal of the game is very simple: smash the wall of bricks by
deflecting a bouncing ball with a paddle (it could be a car, or a train, etc.). The aim of this
game is to clear the screen by breaking the bricks appearing on the top of it. To break a
brick, hit it with the ball several times.

Figure 5.2. The Break the Bricks Game and the level editor for the game
The “Birdie” Game

In this game (Fig. 5.3) the aim of the player is to help a bird to get back home. The birdie
is flying home, and the goal is to keep it in the air and prevent it from colliding with the
obstacles, which can be other birds, rocks, trees, etc. If the bird bumps into something, the
game will continue from the actual point, and the level won’t restart. On the bottom of the
screen a progress bar can be seen, which shows how much of the course is accomplished
by the birdie, and how much is left.

File:| /] StrokeBack/games/BirdyGame/ levels/ 2.level

R
File path of
actual level

Obstackle

Figure 5.3. The Birdie Game and the level editor for the game

“Gardener” game

The task of the player in the Gardener game is to make the plants and flowers growing one
by one. To grow a plant, the player has to water it several times with a dedicated movement .
After a plant grows up, the player can continue with the next one till all of the flowers or
plants in the garden are grown up. The status bar shows how many times does the actual
plant has to be sprinkled until it becomes fully grown (Fig. 5.4). The count of these sprinkles
is called “Required” motions.
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Figure 5.4. The Gardener Game and the level editor for the game

The tests have been carried out in two stages.

The first tests were carried out with a volunteer control group aged between 18-65, who
were healthy and had no previous (professional) computer skills in this specific field. This
group consisted of 35 persons. The first clinical test was carried out in the rehabilitation
centre of Brandenburg Klinik. During the clinical test the games were tested by stroke
patients older than 18. This group consisted of 10 persons, who were all stroke patients.
Men were between 40 and 67 years old, women between 35 and 36 years old. The average
age of men is 52 years, and the women’s 35.5 years. The average age in the whole group
was 48 years. The results of the two test series (the results of the tests for ‘healthy’ test
subjects, and the results of tests for stroke patients) were compared after evaluation. Based
on the answers we investigated whether the usage of the games were manageable and
useable. The test subjects were asked about their subjective feelings of the games, and in
the end of the tests, the test subjects were asked to form their own opinions concerning the
games.

Questions for testing the games:

The loading of the games was not problematic.

I could easily acquire the usage of the game.

The game is understandable, easily usable.

The game was impulsive, amusing, [ would like to play with it more.

The audio effects used during the game were disturbing for me.

The levels inside the games were getting hard too.

At the start and when I got stuck, I got enough help from the Users’ Guide of the
game.

8. The intermission of the game (pause, quit) was not problematic.

9. The appearance of the game is pleasing/ I like it.

10. The game, according to the feedback (game scores, time-check), is easily traceable.
11. I could easily manage the levels of the game.

12. Open questions for remarks and suggestions.

Nk wbe=

According to the answers on the questionnaire these developer games are applicable in the
rehabilitation. On the basis of answers, concerning the usability and the difficulty of
acquiring the games’ usage, we found out that the usage does not serve any difficulties. 70%
of the patients who filled the questionnaire have answered the questions. Among them,
according to total calculation and averages 57,14% thought the usage of the game was easy,
on a scale from 1 to 5 they classified them on the most positive 5th category; 28.57%
classified them in the 4th category; and 14.28% classified them in the 3rd, medium category.
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Table 5.32. Test results by the patients

Question: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
BTB 463 473 477 353 103 187 410 393 4.07 430 420
Birdie 480 383 377 220 107 177 283 337 377 337 443
Gardener 4.67 4.07 4.00 207 080 187 227 330 4.00 290 4.60
Table 5.33. Test results by healthy control groups
Question: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
BTB 5.00 500 500 333 144 0.00 0.00 000 433 411 0.00
Birdie 500 500 4.67 378 1.00 089 0.00 433 400 3.67 0.00
Gardener 5.00 5.00 5.00 244 022 1.00 0.00 333 444 444 0.00
3,53 %20 -
2,00 + e .1,871.'771,37
1,04.07
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Figure 5.5. Test results by the patients
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Figure 5.6. Test results by the health control group

The level of immersion determined whether the patients could show a better time in the
completion of the games after fulfilling the levels from time-to-time repetition; whether
they could beguile a longer time in the game, and rate the game less tedious. According to
their freely expressed opinions, they were waiting the next difficulty levels of the games,
they were curious about the next hardenings of the game levels; so the game experience,
the feelings of competition and challenge fully remained, only one feedback contained such
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objection, which referred to the specific disease as an interfering factor of playing the games.
These responses indicate that the computer game remains a computer game for the patient,
where the primary goal is the physical rehabilitation, but during the testing they became the
devices of relaxation for the patients.

This sequential exchange indirectly shows that the players — if they really enter to the
spirit of the formed environment of the developer game — they will more efficiently use
the game as a therapeutic tool. Based on the feedbacks the level of adoption exceeds our
expectations. This is prior because if a new technology, no matter how efficient or focused
it is, its usage will not show any results, if the target group cannot accommodate the new
technology.

To sum up, the healthy control group was much more critical of the games in comparison
with patients.

5.2.4. New software development method and specification of
requirements

The traditional planning process always begins with the survey and specification of the
requirements because the customer demands can define the development methodologies. To
know which development method works the most efficiently for a certain project, the
Structured System Analysis and Design Method (SSADM) offers efficiently applicable
recommendations [289]. However, these were not appropriate for this project.

In parallel with software development, preceding the development steps, I made
methodological examinations and researches and optimized the project tasks based on the
available recommendations. According to these, during the exposition of the new
methodology worked out. the critical points, where the planning and development process
or parts of the process could not be built upon one or already exiting methodology, it became
necessary to add new methods to the process because of the tasks and the customers’
demands, needs. Also, besides the specialist and therapists who plan the rehabilitation, the
developers using my new method cannot ignore the patients. The patients are not in the
status of stockholders in the project, but they were the real stakeholders and target group of
the complex software and hardware product to be developed. In Fig. 1, the general design
process can be seen as during the game development process a relatively new software
development method, Users’ Focus In Needs&Development (UFIND) method was used.

UFIND — USERS’ FOCUS IN NEEDS&DEVELOPEMENT

Schematic model (Affecting —adaptive sections)

Assesment of user > Business System
and client needs < — Options
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Figure 5.7. The UFIND method — schematic model.
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The following subsections present the phases of the UFIND method (this method is under
publication at the 11" IEEE International Conference on Cognitive InfoCommunications -
CogInfoCom 2020 proceedings):

Step 1 — The investigation of current environment and the assessment of the user and client
needs In Phase 1 the customers' and users' demands have been assessed and conciliated.
There are three parts of these assessments:

e Part 1: The assessment of customers' claims

e Part2: Surveying the needs of the users who are not in the same target groups as the
customers (e.g. different social statuses, people with disabilities, etcetera)

e Part 3: Analysing of adaptation skills: The survey of the customers' claims did not
cause any difficulty; the customer has outlined a concrete idea of a telemedicine
perspective rehabilitation application that can be applicable in a home environment.

Remarks: In respect of the planned system, the examination of the IT skills of the healthcare
staff was necessary. Above all, it should be assessed whether the staff will be able to
efficiently use the rehabilitation program pack, will they be able to communicate with the
patients appropriately about the topic, and how helpful will they be during the process of
acceptance for the patients. It had to be surveyed that the patients how capable are of
accepting a new technology, how much do they think the home environment personal
computer supported therapy can be fitted into the traditional hospital aftercare process, how
appropriate do they think the new system will help them in their recovery. All of these
examinations took place on personal interviews. The following results were received: The
peculiarity, which may have been observed during the survey of the demands was that the
prospective users of the planned system, who are on one hand hygienic employees, on the
other hand the stroke patients themselves, they were not able to express their actual
expectations with the rehabilitative program in an informatics software development aspect
(control, management, etc.). Most of the information was offered for the prospective relevant
function, but that one also on a very special manner. The denial-rejection based drafting
stood in the focus, which were composed according to comparing of other similar programs,
for example not to have too small buttons in the menu, and other similar aspects. This carries
a lot of information for us. Firstly, it makes a demand that concerns the manageability, but
without numerical, actual data, to keep at the example relevant to the button's size in a
graphic surface. Additionally, important information, which we were able to deduce from
this and similarly expressed claims was that as a first step of the development, we have to
accomplish the developing and implementation tasks connected to the graphic user interface.
This fundamentally contradicts previous the software development methods applied until
now, and strongly influences the development of the software's lifecycle. In the case of the
SSADM, however, it is necessary to correlate the formed development method, because it
organizes the whole development into one well documented process. The result of the first
phase is a requirement-framework specification (on the basis of part 1 and part 2) and an
adaptability study (on the basis of part 3).

Step 2 — Business system options Following Step 1, beyond the survey of claims and the
definition of guidelines concerning the approximate requirements (not actual, concrete
requirements!) the analysis of reception skills has been created. That latter one has the
deciding role in the proceeding because if it shows complete rejection it is not worthy to do
further analyses or to take unnecessary development steps. In this situation, the review of
the customer claims is the expedient alternative, which the customer himself/herself has to
accomplish according to the feedback then decide on the additional steps.
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Step 3 — The gathering of requirements and the planning of graphic user interface According
to most of the users, something is efficient, and the software is in development progress if
its results can be seen. The plans of the planned program's graphic user interface have been
created on the basis of users' demands. The plans of the interfaces belonging to the
fundamental functions recorded in the requirement-framework specification have been
created and implemented. From the beginning of the creation of the first graphic user
interface, we have made early tests with the involvement of the user group.

These tests yielded results in the following directions:

e Based on the patient users' feedback we were able to ascertain about the GUI
construction's applicability, perspicuity, and visibility,

e The therapist users also provided immediate feedback. According to the feedbacks,
the functional and non-functional requirements started to outline, concretized. In this
step, the planning documentations were made ready and as an output of the previous
step, the requirement framework specification was completed.

Step 4 — Change-tracking based development This phase consists of two parts.

e Part 1: Modification of components, setting for changing needs

e Part 2: Planning and developing according to the new requirements As a result of the
testing process of Step 3, new demands and requirements were concretized. In part
1, according to these needs, we adjusted the elements of the graphic interface.
Besides the graphic interface, the further elements of the program have also been
planned according to the functional requirements. In part 2, the plan and
implementation of a communicational layer for the assurance of the system and its
input devices' independence have been created.

Remarks: The following of the changes may have been the most important part of our work,
because the system went through a lot of changes compared to the initial requirements. On
one hand, the changes in the users' demands have been brought by the broadening scope of
duties of the therapists connected with their own specialization, healthcare and therapy tasks.
On the other hand, they were generated by the further options inherent in the already tested
and shown program. As a result of this step, the logical plan, its models, the data link models,
and its implementation for the database storing of results in the games with a therapeutic
aim have been created. The output of this step is the completion of requirements
documentation, the creation of new functions' development models, their implementation,
and testing.

Step 5 — Modularization, migration, follow-up In the last phase of the development has been
separated the framework program containing the rehabilitative games from the games.
Between the steps of development, in this step, the optimization for the newly developed
target hardware, the migration of interfaces related to the networking into the proprietary
framework containing the rehabilitative games was done. Step 5 serves the opportunity for
the following of further lifecycles of the finished application, and actions, if they are required.

5.2.4.1. Specification of requirements

During the research and development work, not only did I contact therapists, but patients
with special needs and skills were also taken into consideration. Therefore, I have created a
new software development method based on the needs of patients and therapists see above
and I created the following Specification of Requirements:
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¢ Functional requirements:
o the evaluating framework should not be negative, make it motivational for
the patient instead,
instructive animations may demonstrate all kinds of movement to be
practiced prior to each game,
clear and straightforward feedback on the task and movement is needed,
let the user choose from different stories in the games,
a relevant motivational animation should be featured after each game,
make the game customisable with the help of a level editor.
e Non-functional requirements:
o all games must run in an extendable framework,
o the games should match each other in their structures and style,
o the previously written elements may be used in the framework to avoid
redundance.

O

0 O O O

5.2.5. Conclusion the design telemedicine system

This chapter described a number of games designed for the stroke rehabilitation. The main
focus is on user interface and relevance feedback in the games, which were tested and with
the help of them the efficiency and the level of immersion were measured. The games are
adoptable for other type of rehabilitation processes. The clinical tests proved that the games
are useful and user-friendly rehabilitation tools. The growing level of presence in the time
of gaming increased the patients’ activity, and it was a good foundation for using these
serious games as a specific rehabilitation tool.

The games in the “StrokeBack” framework were all developed for therapy purposes. In
the therapists’ hands, all of the games become a device that amends the traditional therapy
and gives the opportunity to practice movements dedicated for WMFT tasks. With the help
of the level editor surface, the therapists have the opportunity to create a unique,
personalized action program for each patient, which helps the therapists’ work to a great
extent.

The computer-aided healthcare-used programs amend, and after the learning process
may even relay the presence of the healthcare professionals. The telemedicine system,
besides kinesitherapy, accomplishes the aim to reach a greater self-dependence of the
patients.

I have answered this topic’s research question, stating that a new software development
method is needed for the telemedicine system for stroke patients. Based on the results of
chapter 5.1 and this chapter, I can formulate Subthesis I1I/1:

Subthesis I11/1. I created the design requirements and testing methods of
customisability concerning non-leisure multimedia and VR games for skills
development and rehabilitation use. [2], [15], [18-24], [39], [44-53]
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5.3 Creation and evaluation of a preoperative education
website for hip and knee replacement patients

The use of websites to provide patient education is becoming more common. The benefits
of a properly executed and effective preoperative patient educational intervention have been
shown to result in improved psychological and physical well-being for patients undergoing
surgery. The purpose of this pilot study was to determine the usability, utility, and feasibility
of a website we created to increase engagement and improve the quality of the preoperative
education patients receive in preparation for hip and knee arthroplasty. Eighty patients who
met the inclusion criteria were recruited, aged between 40 to 65, among those 52.5% were
female, 71.25% were placed for knee replacement, 28.75% for hip replacement. Forty
patients were randomly assigned to paper education cohort, 40 to the paper and website
education cohort. However, only 19 from each cohort participated in the survey
questionnaire. The outcome of interest included qualitative data for patient knowledge,
satisfaction, utilities, and usability, which were assessed based on the Perceived Health
Website Usability Questionnaire online survey. The paper-based survey contains ten
questions using a 7-point Likert scale while the web-based survey contains fourteen
questions using the same 7-point Likert scale. Descriptive statistics and independent samples
t-tests were used for comparative analysis of usual paper education and website education
cohorts; whereby Microsoft Excel data analytics tool was used to compute the results. The
Alpha level was set to 0.05 for the statistical results. The result of the study showed no
statistically significant differences in both cohorts at the 0.05 level. We hypothesized that
both information delivery methods were effective in increasing knowledge and engaging
patients to their preoperative educations. According to the survey result for the nursing staff,
the use of the website improved nursing workflow, efficiency, and patient education.

The research questions of this study are whether an accessible health-related website
could be created based on my recommendations and how this website improves the nursing
workflow, efficiency, and patient education. HIII/2: Accessible health-related websites
can be created based on my accessibility recommendations. These are useful for
patients’ education and improve the nursing workflow.

5.3.1 Introduction the creation and evaluation of a preoperative
education website for hip and knee replacement patients

It is estimated that 7 million Americans are currently living with hip or knee replacement,
with the incidence of patients needing joint replacement skyrocketing. This will significantly
impact the number of patients needing joint surgery education [290]. One study indicated
the incidence of total joint surgery in the United States is now over 1 million procedures per
year [291]. Knee and hip replacements are major operations that require tedious preparation
to achieve a smooth process in the perioperative setting. As such, there is a growing need to
deliver preoperative education to joint replacement patients. This is essential so that they
can be aware of the requirements and obtain the knowledge they need prior to surgery.
Likewise, surgical services and surgeons’ offices are busy environments that fast track
patients’ preparation for surgery [292]. More specifically, orthopedic offices provide patient
education through numerous means, such as e-mail, mails or letters, and short calls, to
inform the patient about what to do and where to go, sometimes with minimal explanations.

Once these patients arrive in the preoperative centers, the nurses typically only spend 10
to 15 minutes to provide preoperative education to patients and families. This concludes
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with the patient leaving with a lot of preoperative documents, some of which are education-
based. The process can be overwhelming, with the potential for causing anxiety [293].
Furthermore, the on-the-spot and quick preoperative education during the center visit does
not allow patients time to absorb the information and ask relevant questions. To mitigate
this problem, the creation of a preoperative education website for patients having hip and
knee replacement is one way to educate patients and families at their convenience.

According to the literature, 74% of all U.S. adults utilize the Internet and 61% have
looked for health or medical information on the Internet [294]. Accessing an online website
prior to coming in to preoperative centers could allow patients to better obtain and absorb
information. They would also be able to submit any questions they have while they are on
the website and a preoperative team member could respond to their questions. Failing to
fully address patient education needs could eventually become a patient safety issue. A
systematic review of preoperative education for orthopedic patients showed a positive
relationship between well-designed preoperative teachings and patients’ anxiety and
knowledge levels [295]. Other studies have also shown that preoperative education plays an
important role in improving patient outcomes and satisfaction with their surgical experiences
in the perioperative setting [296,297].

Many prior studies reported the benefits of web-based preoperative education. For
example, one study reported that the web-based education program in busy preoperative care
areas can improve surgical patient education [298]. Another study demonstrated increased
knowledge achieved with internet-based education compared with face-to-face education
provided by a nurse in an ambulatory orthopedic surgery center [299]. A randomized trial
revealed higher knowledge levels in patients utilizing computer-based education compared
to face-to-face teaching in the office, thus enhancing the delivery of care [300]. This mode
of educating the patient must also be specific to the needs of a particular patient population
[301].

In this research project, we sought to create and evaluate usability, utility, and feasibility
of a preoperative website for the education of patients having hip and knee replacements in
order to augment knowledge. The hope was that creating a preoperative education website,
an informatics-based quality improvement innovation, would enhance the patient education
care process. Web-based preoperative teaching can better incorporate evidence-based
research into this important aspect of clinical practice and patient education.

5.3.2. Aim of the study

The purpose of this pilot study is to determine the usability, utility, and feasibility of a
website created to improve the quality of the preoperative education patients receive in
preparation for hip and knee replacement surgery. This was accomplished by: (1) gauging
patient satisfaction on knowledge acquired with the typical paper education forms; (2)
developing a preoperative education website; (3) evaluating the usability and utility of the
preoperative education website; and (4) assessing the preoperative education website with
regard to its feasibility to the host facility. As to feasibility, the question is: Does providing
online education to patients preoperatively help nursing workflow and increase nursing
efficiency? Augmenting patient preoperative education with computer-based teaching has
been shown to allow for more time for direct patient care and pre-surgical preparation [300].
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5.3.3. Usability, utility, and feasibility

Website usability can be defined as the extent to which a website provides what the end-user
is trying to accomplish [302]. It has also been described simply as “user-friendliness” [303].
In the context of web-based education for knee and hip replacement patients, some of the
things to consider with regard to usability include: making sure the screens are not too busy,
looking at ensuring that the tasks to maneuver around the website are not multistep processes,
and, lastly, whether it improves the patient’s ability to seek and acquire their educational
needs and does not make it more burdensome.

The concept of assessing utilization entails looking at how the patients perceived the
benefits of preoperative education [304]. Did they feel that the website prepared them for
surgery? Would they recommend it to a friend considering having arthroplasty surgery? Did
the 24/7 available knowledge and links to nurse resources relieve some anxiety they had
about the surgery? Knowledge deficit has been shown to be a possible contributor to anxiety
prior to surgery [305]. In general, was it useful in providing a comprehensive single-source
site for preoperative education, or did the patients feel they still had to go elsewhere to obtain
instruction they felt they needed prior to surgery?

Some questions that would need to be answered in the affirmative from this study include:
did the patients retain the information the same or better with the website versus the usual
education methods such that there would be savings from decreasing the amount of paper to
print the many learning materials? Was there increased adherence to family support planning
and post-discharge instructions such that there would be a decrease in post-operative
complications that would require readmission? Were less “live” nursing resources utilized
for patient re-education such that nurses could now work more efficiently on other
preoperative preparation? The benefits of a properly executed and effective preoperative
patient educational intervention have been shown to result in improved psychological and
physical well-being for patients undergoing surgery, leading to better outcomes [291].

5.3.4. Creation of the website

5.3.4.1. Choosing a website platform and name

In choosing a website format, the team considered many website creation software products
and websites. The choices were narrowed down to WordPress© and Wix©. The ultimate
choice was Wix© due to the ease of the manipulation and customization of the site’s prebuilt
templates. The company also provides Google analytics to users who purchase a domain
name (or link their own to the site). The template design was chosen to be as simple as
possible. This was felt to be important to obtaining data determining how many patients
perused the site and may not considering the 50+ age group within which most hip or knee
patients fall.

Our team designed and developed the website to ensure that the information was kept
the same or similar to the education documents patients are presented with at their
appointment in the Pre-Anesthesia Screening Services department (P.A.S.S.). A name was
chosen for the site that could be easily remembered: www.jointsurgeryeducation.info/.
Facility approval of the website was obtained before it went live.

5.3.4.2. Description and layout of the website
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In designing the website, the team kept the menu buttons at the top of the page, since this
was a scrolling website, which is a more modern website design. Literature has indicated
that seniors prefer menu-driven button options to navigate a web portal versus serial
navigation [306]. Serial navigation is when the next most important information only
becomes available after clicking on the initial option, link or button [307]. The default
scrolling design was difficult to alter in Wix©. Therefore, we provided links on the home
page to PDFs for the documents that patients would receive in P.A.S.S. Links that open up
another window work better than “buttons” directing users to a pop-up and is optimal for
mobile devices [307]. As this study was intended to compare the same information provided
to patients, creating PDFs of the scanned documents for menu links was necessary to provide
this parity of information.

The front page of the website contained the most critical information for the patients,
hence the reason the front page was allowed to remain in rolling format. A video from the
education class that patients attend was linked on that front page, as well as required
preoperative preparation activities. The location and what to do and where to go on the day
of surgery are also on the website’s front page. (A screen shot of a portion of the main page
of the website can be found in Figure 5.8.)

Consent Pre-op Instructions Brochures CONTACT US

| am scheduled for a
joint replacement
surgery procedure
at Sinai Hospital!

What do | need to do?

What do | need to

know?

Welcome to our website for online access to Preoperative Education
for joint replacement surgery - a PILOT STUDY at Sinai Hospital LifeBridge Health.

Pilot study SURVEY

Please click HERE to complete a survey about your experience using this website.

Figure 5.8. Screenshot of the Main Page of the Website.

5.3.4.3. Content of the website

The foundation and framework of the website content was based upon principles of patient
empowerment through knowledge augmentation. The site contains preoperative information
provided by one of the community hospitals in Maryland that follow anesthesia policies and
protocol, orthopedic guidelines, and Joint Commission preoperative requirements for
surgery. The website includes a checklist covering pre-operative testing requirements
patients need to obtain before surgery. The checklist helps prevent delays and cancellations
of surgery. It also lists fasting guidelines, medications to stop taking at least a week before
surgery, things to bring on the day of surgery, and what to expect pre-operatively.

The website also includes videos about what to expect regarding joint replacement
surgery and recovery. After viewing the videos, patients can ask questions via the site. These
questions go directly to an email in-box for the P.A.S.S. nurses to answer. A phone number
for the education class coordinator is available as another option for patients to call if
questions arise after viewing the video. The brochures usually given by the community
hospital in paper forms to patients during their preoperative visits (e.g., surgical site
infections, fall prevention, anesthesia instructions, hand hygiene, MRSA infections, VRE
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infections, Sage wipes instructions, and nasal swab instructions) can be downloaded, printed,
and shared directly on computers, tablets, mobile phones, using any modern web browser.
Availability of these brochures on the Internet allows patients to read ahead of time and
understand the importance of measures to prevent complications during and after surgery.
Likewise, it is easier for the preoperative nurses to reinforce information in the brochure in
a short period in the preoperative centers compared to giving these handouts during the visit
and also conducting the educational teaching. On the main page, there are menu buttons to
link to the informed consent, the purpose of the study, and biographies of the study team.
The pilot survey questionnaires are embedded in the website and linked to Survey Monkey©
for study purposes.

5.3.3. Materials and methods
5.3.3.1. Study settings, sample, and design

A prospective study was used to determine usability and utility of the online website, while
a qualitative questionnaire was used to determine the feasibility aspect of the study. The
study was conducted in a small community hospital in Baltimore, Maryland. The selected
study sample was a convenience sample of two cohorts. The content of survey
questionnaires was based on the Perceived Health Website Usability Questionnaire
(PHWSUQ) for older adults [303].

The first cohort questionnaire was for patients who received the paper education in the
preoperative center. The survey contained ten questions using a 7-point Likert scale (1 being
Very Unsatisfied and 7 being Very Satisfied) assessing the following dimensions:
satisfaction, ease of use, and utility [302]. The first three questions addressed the ease of use
of paper educational material the patients received during preoperative visits. Questions 4—
7 were about the degree of knowledge the patient acquired via the paper education as well
as logic of organization of paper materials. Questions 8—10 asked about the usefulness of
educational content in relation to decreasing patient anxiety and its utilization.

The second cohort survey questionnaire was for patients who accessed the preoperative
website. The survey included fourteen questions utilizing the same 7-point Likert scale. The
first five questions address the patients’ satisfaction of the preoperative website. The sixth
to tenth questions involve the usability of the website in patients’ perspectives using a 7-
point Likert scale (1 being Strongly Disagree to 7 being Strongly Agree). The rest of the
questions measure the usefulness and utilization of the website information.

5.3.3.2. Data collection

The primary research investigators conducted data collection and analysis from December
2016 to March 2017 for both cohorts. The method of data collection for website usability
and utility were patient questionnaires through Survey Monkey©. Inclusion and exclusion
criteria were used as guidelines in the selection of study subjects. The inclusion criteria of
the cohorts included patients who were scheduled to undergo their first or second hip or knee
replacement, can speak English, were between the ages of 40 and 65 years old, had no mental
or severe physical handicap, and had Internet access and an e-mail address.

The first cohort included those patients who would undergo hip and knee replacements
with the same specified criteria and would show up in P.A.S.S. department for preoperative
blood typing and screening. These patients received the usual preoperative educational
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pamphlets and face-to-face education by P.A.S.S. nurses. During the pilot study, the
provision of preoperative education concluded with e-mail collection and verbal explanation
of the purpose of e-mail request. These patients later received a survey link that took them
to a Survey Monkey© questionnaire about the preoperative education documents they
received on that day.

The second cohort included those patients meeting the same criteria who also received
access to the preoperative education website. The primary investigator sent e-mails to
patients who provided an e-mail address during the office visit. The e-mail contained a link
to the website, instructions, and the purpose of the study. Additionally, the primary
investigator called the patients the day before the appointments in P.A.S.S. to follow-up on
the utilization of the website. The website guided patients to different sections for
information and videos about their procedure, and a survey link was embedded into the
website for patients to fill out before leaving the website. The website link distribution
process also involved disseminating a pamphlet that contained web link as patient visited
the P.A.S.S. department before surgery. The pamphlet served as a follow-up for those
patients who did not access the website at home. At the end of data collection for both
cohorts, survey questionnaires were distributed to nurses in the P.A.S.S. department to
address the feasibility of the preoperative website for the education of hip and knee
arthroplasty patients.

5.3.3.3. Ethical consideration

This pilot study is a quality improvement research project that meets the exemption criteria
of organizational Institutional Review Board (IRB) with approval IRB #2400. The study
protocols were submitted to the IRB board and met the IRB exemption criteria under 45
CFR 46.102(d), 21 CFR 50.3(c), and 21 CFR 56.102© as per institutional IRB review
policies.

A short consent was embedded in each Survey Monkey© questionnaire informing the
patients of the study purposes, that participation was voluntary, and reiterating anonymity
in survey participation. No personal information was collected during the study, and patient
e-mails were stored on an encrypted and password-protected computer onsite at the
institution.

5.3.3.4. Description of cohorts

As noted in Table 5.34, a total of forty (n = 40) patients were selected to participate in the
Ist cohort survey questionnaires. Twenty-two (n = 22) of these participants were female,
and eighteen (n = 18) were males. Twenty-eight (28) of these participants were scheduled
for knee replacement while twelve (12) were having hip replacement. Nineteen (n = 19) of
these patients participated in completing the survey questionnaire, which gave us a response
rate of 47.5%.

Forty (n = 40) participants were also selected to participate in the 2nd cohort survey
questionnaire. Twenty (n = 20) of the participants were male, and the other twenty (n = 20)
were female. Twenty-nine (n = 29) participants were scheduled for knee replacement, while
eleven (n = 11) were having a hip replacement. Nineteen (n = 19) of the selected patients
participated in completing the online survey available in the website.

114



dc_1841 20

Table 5.34. Descriptive Characteristics and Usability and Utility Statistics of Paper
Education (Usual Care) and Website Enhanced Education (Intervention) Cohorts (n = 80).

Paper Education — Cohort #1 Paper & Website Education — Cohort #2

(n=40) (n=40)
Age (years)
40-49 6 8
50-59 15 15
60-65 19 17
Gender Frequency (%) Frequency (%)
Male 18 (45) 20 (50)
Female 22 (55) 20 (50)
Replacement Frequency (%) Frequency (%)
Knee 28 (70) 29 (72.5)
Hip 12 (30) 11 (27.5)

5.3.4. Data analysis and results

There are many ways to evaluate usability, such as heuristic evaluations, user testing in
a lab setting and user surveys [303]. User survey was the chosen method for this study. For
statistical analysis, Microsoft Excel data analytics tool was used to compute the results. The
Alpha level was set to 0.05 for the statistical results.

Mean Scores from Cohort 1 & 2 Questionnaires
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Figure 5.9. Bar graph displaying a comparison of the mean scores for the Cohorts.

As shown in Figure 5.9, patients’ perceptions of the education via the website were
higher in three areas: the ability to find information they needed for their preoperative
education, the knowledge they felt they gained from being able to also view their
preoperative information via a website, and the website cohort patients also gave higher
scores with respect to the time it took to peruse the materials.

In the present study, there is no statistically significant difference between the overall
average scores of the website users and those patients receiving paper documentation. Also,
both methods of information delivery (e.g., paper vs. paper and website) were both effective
methods in increasing knowledge and engaging patient in their preoperative education on
any major joint surgeries.

5.3.4.1. Usability analysis

The usability of the new website was measured with the questions about how easy it was to
find information, how easy it was to read it, how clear the information was, and the

115



dc_1841 20

reasonableness of the time it took to peruse the site. The scores for how well the subjects
felt that they could find specific information was higher for the website group, with a mean
of 6.32 versus 6.16. The length of time that it took the study subjects to look over the
materials via the website also received higher scores, 6.47 versus 6.42. These were the
results when comparing the 9 questions in common for both cohorts.

When aggregating the grouping of the scores from the original 10 paper cohort questions
and the original 14 questions from the website cohort’s survey, we looked for any significant
differences for usability. One question that required an answer in the negative (in order to
reflect a “positive” response) was removed, as these researchers realized that many patients
likely answered it inaccurately, and it would have erroneously skewed the results in a
downward trend. So, 13 questions from the website cohort were analysed with independent
samples t-tests for satisfaction, usability, and utility. In aggregate, the mean usability scores
for the paper cohort is 6.48 and 6.35 for the web-based cohort, which was not statistically
significant at the 0.05 level.

5.3.4.2. Utilization analysis

The questions on the utility of the website had to do with how much it helped with easing
fear or anxiety about surgery, how helpful the information was at increasing knowledge
about and preparing for surgery, how helpful it was to be able to contact a nurse, and how
likely the patient was to recommend the site to someone else. In assessing whether the
subjects would find the website helpful in preparing for use, questions 9 and 10 for the paper
education and questions 13 and 14 for the website revealed higher scores for the paper cohort
than the website.

In aggregate, the utility scores were 6.45 for paper education and 6.34 for web-based
education. However, there is no statistical significance at the 0.05 level in terms of utility.

5.3.4.3. Knowledge

The subjects revealed scores of whether they increased in knowledge per question #4 for
cohort one (mean 6.53) and question #6 for cohort two (mean 6.58). The website group
scored their perceived knowledge increase higher. Although statistically insignificant, this
is an important area of patient education to assess, as it indicates how much information the
patient feels they received through the education provided. This is a critical quality indicator
that has been linked to unanticipated post-surgical readmissions. The rate of surgical site
infections is one of the patient safety indicators that healthcare regulators scrutinize.
Education on how to prevent surgical site infections addresses this indicator. A website
where the patients feel they have been provided superior knowledge on the subject of patient
preparation for surgery, where, for instance, skin cleansing in preparation for a surgical
wound is taught, are relevant to hospital quality statistics.

Additionally, education on anesthesia guidelines prior to surgery is relevant knowledge
to prevent delays and cancellation of cases on the day of surgery. Preventing delays and
cancellation of cases in the operating room is a financially-driven effort since it can affect
Operating Room revenue as well as the organizational expense and ultimately patient costs.
Preparation for surgery and knowledge of the upcoming procedure both scored higher for
the website-enhanced education and this is a relevant factor for patient safety. This
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information in this pilot study is a promising sign for future studies as it shows that both
delivery methods are satisfactory to patients.

5.3.4.4. Satisfaction

The scores regarding the subjects’ feelings of satisfaction with the information provided on
the website are also captured in questions 1-3 for cohort 1 (mean 6.44) and questions 1-5
for cohort 2 (mean 6.28). There was no statistically significant difference between the
subjects' scores at the 0.05 level. The questions that were collecting common data for each
cohort are presented in Table 5.35 and Figure 5.9. Table 5.36 provides the full data for
questions presented to the subjects. The actual Survey Monkey®© results, with the means and
standard deviations for all questions to both cohorts, are also presented in Table 5.37.

Table 5.35. Questions common to both cohorts. Patient Evaluations on the Usability
and Utility of the Website (showing the results of the independent samples t-test
comparing only the nine “common’ question items of the two cohorts).

Paper Website
t-test
(n=19) (n=19)
Question Item (“Category name in Figure 2.”) Mean (SD)  Mean (SD) P
1. Ease of finding specific information. (“Find”) 6.16 (1.50) 6.32 (1.34) 0.74
2. Ease of reading the information given. (“Read”) 6.53 (0.75) 6.26 (1.33) 0.47

3. Reading the documents helped me improve my knowledge about my
upcoming procedure. (“Know”)
4.1 found the length of time negded t(zclqok Sver the materials/website 6.42 (1.43) 6.47 (0.50) 088
appropriate. (“Time”)
5. The content of the materials/website provide clear information. (“Clear”)  6.53 (0.88) 6.42 (0.49) 0.66
6. I found information on how to cogtact thj: nurse for further questions 6.58 (0.88) 6.37 (0.48) 0.38
helpful. (“Nurse”)
7. The content reduced my fears/anxiety about surgery. (“Fear”) 6.32 (1.03) 6.05 (0.89) 0.42
8. The content was useful in preparing me for surgery. (“Prep”) 6.47 (1.04) 6.47 (0.50) 1
9. I would recommend the materials/website to other people. (“Recom”) 6.53 (0.99) 6.26 (0.71) 0.37

6.53(1.39)  6.58(0.59)  0.88

Note. T-test significance for p = <0.05.

Table 5.36. The Patient Cohort Questionnaires.

Preoperative Preparation and Teaching Website - Perceived Usability Patient Survey Questions for
Total Arthroplasty Hip & Knee Patients
*Adapted from: E.-S. Nahm et al. / Development and Pilot-Testing of the PHWSUQ for Older Adults
Questionnaire #1 (This was completed by the cohort who utilized usual P.A.S.S. education on
PAPER.)
We would like to know your opinions about the paper documentation that you received for patient
preparation and education on total knee and/or hip surgery (please circle your choice).

Satisfaction
1. Ease of finding specific information.
Very unsatisfied 1 2 3 4 5 6 7 Very satisfied
2. Ease of reading the information given.
Very unsatisfied 1 2 3 4 5 6 7 Very satisfied
3. Overall appearance of the pamphlets.
Very unsatisfied 1 2 3 4 5 6 7 Very satisfied
Ease of Reading
4. Reading the documents helped me improve my knowledge about my upcoming procedure.
Strongly disagree 1 2 3 4 5 6 7 Strongly agree
5. I found the length of time needed to look over the materials appropriate.
Strongly disagreel 2 3 4 5 6 7 Strongly agree

6. The content of the materials provide clear information.
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Strongly disagree 1 2 3 4 5 6 7 Strongly agree
Usefulness
7. 1 found information on how to contact the nurse for further questions helpful.
Strongly disagree1 2 3 4 5 6 7 Strongly agree
8. The content of the preoperative education materials reduced my fears/anxiety about surgery.
Strongly disagreel 2 3 4 5 6 7 Strongly agree
9. The content of the preoperative education materials is very useful in preparing me for my surgery.
Strongly disagreel 2 3 4 5 6 7 Strongly agree
10. I would recommend these education materials to other people.
Strongly disagreel 2 3 4 5 6 7 Strongly agree

Table 5.37. Excel Spreadsheets Exported from Survey Monkey.©.

Mean and standard deviation of patients rating on the *PHWSUQ for each item on the scale (n=19)

Item Mean (SD)

1. Ease of finding specific information. 6.16 (1.50)

2. Ease of reading the information given. 6.53 (0.75)

3. Overall appearance of the pamphlets. 6.63 (0.67)

4. Reading the documents helped me improve my knowledge about my upcoming procedure. 6.53 (1.39)
5. I found the length of time needed to look over the materials appropriate. 6.42 (1.43)

6. The content of the materials provide clear information. 6.53 (0.88)

7.1 found information on how to contact the nurse for further questions helpful. 6.58 (0.88)

8. The content of the preoperative education materials reduced my fears/anxiety about surgery. 6.32(1.03)
9. The content of the preoperative education materials was useful in preparing me for my surgery.  6.47 (1.04)
10. I would recommend these education materials to other people. 6.53 (0.99)

5.3.4.5. Feasibility of the website to the P.A.S.S. Department

A qualitative feasibility study was conducted using a survey questionnaire distributed to the
nurses in the P.A.S.S. department. In addressing this goal, the study team sought to
determine whether the staff would experience a benefit to having the website, in terms of
nursing efficiency and cost-containment, while delivering the same content of preoperative
education. The objective of this assessment was also looking for whether the nurses felt that
increasing accessibility of the education could have a positive impact on the patient. The
survey contained five items asking direct questions answerable by yes or no. Provision for
a comment section was available in each question. A total of thirteen (n = 13) nurses
participated in the survey. The first question asked the nurses if the preoperative website for
hip or knee replacement helped expedite the process of the preoperative education they
provided to patient visits. All thirteen (n = 13) nurses answered in the positive. A few
commented that the website allows the patient to receive information early and to think about
it ahead of time. One nurse mentioned that if the patient understands the preoperative
education ahead of time, it will save the nurse’s time in explaining the whole preoperative
process and teaching.

The second question was about decreasing the amount of paper distributed to patients
during the P.A.S.S. visit. Every participant's response was affirmative that preoperative
website would decrease paper trail process.

The third question queried the nurses on the capability of the website to aid in re-
enforcing patient education preoperatively versus the paper education alone. The entire
group of participants agreed that the website could be a positive re-enforcement of
preoperative education to patients. A few nurses remarked that the website allows the patient
to read the materials in advance and reinforcement would be easier as they come to
preoperative centers.
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The fourth question asked the nurses if the website would help educate family members
and caregivers of patients in a convenient way. All thirteen (n = 13) nurses agreed that the
availability of the website is another medium for family and caregivers to learn about the
patient surgery. The nurses commented that the department conducts a Joint Effort Class for
two to three hours requiring patients, family members, and caregivers to attend. The online
availability of the Joint Effort Class video allows the patient, family, and caregivers to learn
about the patient surgery in a convenient and easier way versus arranging for coming onsite
to the hospital for 2—3 hours.

The last question was about the relationship of the website's availability and adherence
to family support. All participants in the survey agreed that the website could help increase
the adherence of household support. Few participants commented that families or caregivers
who cannot accompany the patient during their preoperative center visit would not be able
to listen to the education provided by the nurses during the visit. However, with the
availability of the website, the preoperative education could also be viewed by family
members and caregivers at their convenience. Also, with the availability of interactive e-
mails and phone numbers, caregivers’ questions can be addressed in an easier way. Thus,
family and caregivers can provide the support needed by the patient. Overall result, the
nursing staff believed that the use of the website improved nursing workflow, efficiency,
and patient education.

The full list of questions posed to the nurses can be found in Table 5.38 Table 5.39 shows
the Nurse Survey Questionnaires on Feasibility.

Table 5.38. Nurse Survey Questionnaire and Data Table.

Nurse Survey Questionnaire
1. Do you think the availability of pre-operative website for hip and knee replacement patients’
help expedite the process of preoperative education in P.A.S.S. department?
Yes:
No:
Comment:
2. Do you think the availability of the preoperative website for hip and knee replacement will
decrease the amount of paper education provided to patients?
Yes:
No:
Comment:

3. Do you think that with the availability of preoperative website for hip and knee replacement will
help re-enforced patient preoperative education when they come-in to P.A.S.S. unit versus the paper
documentation alone?

Yes:

No:

Comment:

4. Do you think the preoperative website availability will help in educating family members and
caregivers of patient in a convenient way?

Yes:

No:

Comment:

5. Do you think the preoperative website availability for hip and knee replacement will increase
adherence of family support?

Yes:

No:

Comment:

Table 5.39. Nurse Survey Questionnaires on Feasibility.

Total (n = 13)
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Expedite nursing process (Y/N)

Yes 13 (100%)
Decrease amount of paper education (Y/N)
Yes 13 (100%)
Re-enforce education (Y/N)
Yes 13 (100%)
Convenience to patient/family (Y/N)
Yes 13 (100%)
Can increase adherence of family support (Y/N)
Yes 13 (100%)

5.3.4.6. Accessibility testing
The last test was the accessibility testing.

The tests were performed by automatic checks using AChecker [121]. For the setting of
the test, [ have chosen WCAG 2.0 (level AAA). Figure 5.10 shows its results.

Web Accessibility Checker

) web Accessibility Chech

|Check Accessibility By:|

HTML File Upload  Paste HTML Markup

Address: https://www jointsurgeryeducation.info/
CheckIt

» Options

| Accessibility Review|

Export Format: | PDF v | Report to Export: | All v | GetFile
Accessibility Review (Guidelines: WCAG 2.0 (Level AAA))
Known Problems(0 Likely P (1) ial Pr (91) HTML Validation CSS Validation

@ Congratulations! No known problems.

»

Figure 5.10. Screenshot of the AChecker automated tool (after the test, showing the
results).

The AChecker did not find any “Known problems” at the strongest AAA conformance
level. There is no doubt that the website was developed properly. It is easy to use and
appropriate also for people with disabilities.

5.3.5. Discussion of the research and development the education website
for patient

The ability to provide patients with a website to obtain preoperative education is an
efficient way to provide timely evidence-based information to patients. As mentioned above,
studies have shown positive outcomes and patient satisfaction from this form of education.
[291], [296], [308], [309] As such, this study sought to expand this literature support to a
local community hospital setting.

This being a pilot study, we were limited in having to utilize only the hospital approved
education currently on hand. Thus, the creation of the website came with its challenges. It
took a level of creativity to ensure that the structure of the website was as user-friendly as
possible to the older adult population, while staying within the guidelines of providing the
same or similar information that patients receive on paper.
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Currently, the preoperative center allocated 10 to 15 minutes of preoperative teaching to
each patient coming in for preoperative work up. However, the patient has to attend a
separate Joint Effort Class that usually last for two to three hours excluding the waiting time
in the registration area and the preoperative unit, and the travel time. Hence, clinicians need
innovative methods to deliver an effective preoperative education.

Findings from this study suggest that it would be beneficial to patients, family,
caregivers, and providers to use a preoperative website as an additional preoperative
intervention to improve patient education. Findings showed that both participants who
received the paper education during their preoperative center visit and those participants
who utilized the website were satisfied with the preoperative content of both methods. This
means that both methods of preoperative education are effective ways of education.
However, in terms of accessibility and convenience for patients and caregivers, the online
website provides an advantage compared to paper education. One study reported that a web-
based education program in the busy preoperative care area is an effective way of improving
preoperative education [298].

Given that this was a first-of-its-kind study at this facility, having patients evaluating a
website, there was some coaxing in order to prompt them to fill out the survey. It is our
belief that in their desire to be supportive to the P.A.S.S. department nurses, they may have
felt the need to provide good marks on both the paper education and the website scoring. Of
the paper education cohort, 57% of the cohort gave marks of all 7’s (11 out of 19). For the
website cohort, this number was only 26% (5 out of 19). This may be evidence of skewed
results.

With regard to feasibility of website-based education for patients, the results from the
pilot study found that although there was no statistical significance of the study interventions,
the survey results showed patients utilizing the website rated their self-perceived increase in
knowledge higher and had more satisfaction in the time to find and review the information.
This is evidence of a significant positive impact on the value of patient preoperative
education delivered via a website. The optimistic opinions of P.A.S.S. nurses about the
website education further support the benefits of the preoperative website to the organization.
This quality improvement initiative would still be feasible to more efficiently deliver
preoperative education once a few changes could be made to the study plan, when moving
forward with future additional studies. With those changes, the researchers will likely
eventually see a favorable increase of website education utilization of patients in the
implementation of web-based preoperative education to older adults in the facility.

In summary, patient evaluations of the website were affirming and nursing opinions were
positive. In a future study, when researchers have additional time to analyse results, sections
allowing for free-texting comments by the patients could be added. This would further assist
in the patients developing more individualized website education to meet their needs. In
general, however, it does not appear that there were any major usability problems with the
website. The “contact us” link to ask a question of a P.A.S.S. nurse portion of the website
was not utilized by any patients. However, in larger studies of website utilization in the
future, such a link will likely be utilized more often by patients.

5.3.5.1. Limitations of the study

Given that this study was a convenience sample and utilized a small sample size,
generalizability of findings is limited. Future studies should focus on replicating this study
with larger and different surgery patient samples. Moreover, the primary investigator noticed
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that engaging the older populations to utilize the website requires a lot of effort to “market”
it to patients. It will remain difficult to capture the majority of the patients scheduled for hip
and knee replacement surgery unless it became a required part of consent for surgery, at the
time of the decision to proceed with surgery. One study found non-usage to be an issue when
study parameters provided that the patients self-direct themselves to a website [310]. This
means that further study should be conducted about patient engagement, specifically for the
older adults pending surgery, and website utilization.

This pilot study also only focused on knee and hip replacement patients and there is the
possibility of comparing education via website for older patients having other surgeries. The
result of that study can be used as a basis for creation and development of a preoperative
websites in a more generalized area that includes all types of surgeries that are performed
on older patients. That would require additional content and website development, unless
the study could be conducted at different facilities that already have online website content,
then the study could be targeted at obtaining data on the utilization of websites by older
patients for preoperative education.

5.3.5.2. Opportunities for future research

Some other considerations to keep in mind for future studies might be additional evaluation
of the patients who should participate in the study. We may want to include participants who
have had surgery before (of any kind) with experience in receiving paper education in the
past and also those who regularly utilize websites for healthcare education. This way we can
better presume that our sample participants have had experience with both modes of learning.
At the same time, we could also query additional questions such as the education level,
household income, and employment status of the study types. Then lastly, it would also be
helpful if we were able to pre-plan a longer lead time frame for the study to capture a larger
population hip and knee surgery patients sooner to provide them the paper education first.
In the study by Edward et al. [309], they captured almost 900 patients and provided
preoperative education. Then, we could let time pass and then introduce them to the same
education, but in the online format weeks or days prior to surgery. This would allow for
paired sample survey testing.

5.3.6. Conclusion of the research and development the education website
for patient

The results of this pilot study indicate that website-based delivery of preoperative education
for major joint replacement surgery is feasible and has similar patient satisfaction compared
to traditional paper-based methods. Further research is needed to determine whether
website-based education can promote more efficient and higher quality outcomes for joint
replacement surgery.

The result of this study verified the HIII/2 hypothesis, so I can formulate Subthesis I11/2.

I have proved that accessible health-related websites can be created based on

my accessibility recommendations. In addition, the use of such websites improves
nursing workflow, efficiency, and patient education. [29]
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l. Subject of the theses, previous research, main objectives, motivation

Developments in computer science, information technology and the available computing capacity
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 legitimasing the need for barrier-free designs thus,
for instance, enabling people who are colourblind 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.

| 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 software or web pages. 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]

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, | was aimed at studying the colourisation of different
VR games, then | 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 | 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].
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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, | 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 to 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 | would rather support
the actuality and importance of barrier-free design based on data.

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 webshops, 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 have spent over HUF 145 billion in foreign web stores in 2019. [99] More
than 50,000 new online shoppers have appeared within a month and a half at the start of the
epidemic. [100]

WHO made the assessment that COVID-19 can be characterized as a pandemic on 11st March
2020. [101] We are not just looking at online commerce, but a much wider area of internet use. If
we look at recent events, | mean, the pandemic caused by the COVID-19 virus, which made it
necessary to stay home.
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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’s 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.

Most software engineering companies have not been developing produts 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. [70,89,90] 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 | 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]

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.

To sum it up, as far as demographic figures are concerned, the users’ demands, and the e-
commercial and e-health endeavours, we can see how inevitable are the barrier-free softwares 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.
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Il. Applied research methodology

The results summarised in my theses have been acquired by using the methods conventionally
recognised by a narrower area of specialisation. During my research | concentrated on objective
tests and measurements whenever | could. Visual-psychophysical experiments can be carried out
with the application of different psychophysical methods. The experiments concerning colour
theory are, on one hand, based on objective methods of measurement such as:

e the use of the Eyedrop tool of Photoshop,

e the application of a measuring instrument: X-rite Eye-One (il), Minolta, Spectrascan
spectrocolorimeter,

e test software developed by my student research team,

e Microsoft Excel data analytics,

e statistical program package R (R version 3.5.0.).

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, | took measurements
looking into barrier-free design firstly by: objective methods, the test software developed by my
research team, and an international validation software; secondly, with the assistance of my
research team | carried out surveys on the user interface and usability of games.

| 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.

In addition to the basic statistical calculations of the data gained by questionnaires, the equality of
the ratios of the websites satisfying certain conditions was investigated. The correlation of error
characteristics with country characteristics (e.g., elderly population ratio) was examined. The
correlation of error numbers found by each testing program using the Pearson correlation
coefficient was also examined. The hypothesis HO was confirmed with a value of zero as the
independence of the variables is true in terms of their Gauss distribution. The tests show that there
is no correlation between the results of the tested test types, which shows that each validator
software indicates different types of errors. Finally, clusters were made from the countries to
investigate 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 (R version 3.5.0.).

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

Since | 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 Jdnos Schanda,
most of the publications feature my collaboration and work as supervisor in connection with B.S.c
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. | 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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lll.  Summary of the new scientific results in theses
The Theses features a brief summary of my applied research outcomes. | differentiate between my
theses as follows:

First group of theses, in the field of colour design: Virtual worlds are not displayed with realistic
colours (i.e. closely resemble real object colours) even in such cases when the colour fidelity

display, which affects our memory colours, would be expected.

Subthesis I/1. According to the tests, | have found that cartoon artists and VR game developers
use unrealistic colours. [9], [34], [56-59]

| have collected more than 300 graphic pictures for the experiments, chiefly from cartoons from all
over the world. Upon collection all pictures have been categorised. Almost every picture has a
protagonist who has got a face, hair (blonde, brown, black or ginger). There are many landscapes
(in case of pictures from Europe and Japan), so it is possible to examine the colours of the sky,
clouds, ponds, grass, foliage, tree-trunks and sand.

Having completed the categorisation and determining the characteristics to be examined, a
relational database was made to store the data. | stored all the important data that could be needed
during the assessment. | also differentiated between the places featured in the pictures: landscapes,
interiors, cities, portraits, etc. | used the CIELAB colour space for my measurements. [112] In
contrast to the RGB and CMYK systems, CIELAB is a device-independent method of colour depiction,
which is an international standard. [113] The CIELAB colour space is appropriate for illustrating all
colours. This is why it has become the basis of transferring colour information. Besides lightness (L),
in the CIELAB model you have to define chroma (Cab*), which determine the balance between green
and red, and blue and yellow. Colours can be categorised based on three characteristics: lightness,
chroma, and hue. The colours of printed cartoons were analysed with a manual spectrocolorimeter.
Settings: D65 CIE llluminant and 2-degree standard observer. Online pictures were examined in
Adobe Photoshop using the ‘Sample Tool’ feature then these data were stored in the database.
According to the measurements, | have found the following:

1/1.1. In Japanese cartoons prepared for Internet presentation, stronger and more saturated
colours are used, sometimes with lower lightness. In Europe, paler colours are preferred. This is
true for most objects, except for complexion, where the Japanese use the palest colours,
however, hue angle is larger than the one found in European complexion colours.
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Figure 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 soft-copy cartoons.
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1/1.2. The present visulaisation demonstrates a different results in the case of printed cartoons.
In print, the Japanese use paler colours, and the most vivid colours are found in Australian
pictures.
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Figure 2: 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 soft-copy cartoons.

1/1.3. American cartoon artists do not often try to use colours that resemble those of real-life
objects (bluish-green complexion, yellowish landscape).

1/1.4. Nevertheless, printed cartoons do not follow the above pattern. In print, the Japanese use
paler colours, and the most vivid colours are found in the Australian pictures. American cartoon
artists do not often try to use colours that resemble those of real-life objects.
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Figure 3: The colour of complexions depicted on an a*, b* diagram. On the left, we can find the
soft-copy (digital source), and on the right side, the hard-copy (pinted) results are to be found.
The standard deviation ellipses are shown in blue for American, in green for Australian, in red for
Japanese and in yellow for . Orange spot: Bartleson [114], claret spot: Tarczali[115],
blue spot: the average measured with tools. The nucleus is the average, the radius is the value of
a*, b* and the value of L* is indicated next to the ellipses.

When analysing the colours of virtual games (with regard to their style, content, and graphics), |
classified the most stylish ones. | divided them into 8 groups: (1) Action, Adventure and Mystery
Games, (2) Children’s Games, (3) Driving & Racing Games, (4) First-Person Shooting Games, (5)
Simulation Games, (6) Role-Play Games, (7) Strategy Games, (8) Sports Games. | collected 752
pictures overall from 7-10 games per group. Then, | collected 179 pictures from particular films
that had available game adaptations. Subsequently, | stored them in separate folders with source
markings. | defined the colour traits of objects (e.g. trees, grass, foliage, sky, etc.) and beings (skin
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and hair colour of the game characters) that were seen in the pictures with the use of Adobe
Photoshop. Then, | stored them in a database. | had a number of over 4,500 measurement data. |
statistically analysed the database (average and standard deviation), and compared the results
with the typical colours used in cartoons, and with our memory colours. | took the measurements
in the CIELAB colour space. Visual differences between pairs of colours are indicated with marks
(big, small, etc.). The CIELAB equivalents of this are defined by the difference of lightness and
coordinates a* and b*: Ahq, hue angle difference (ha = arctan (b*/a*)) and AC,;, chroma diffrence
(Cip = (a*? + b**)¥?). Following all measurements and calculations | managed to set up the
following theses:

1/1.5. The colour of the complexion in VR games is yellower than in case of memory colours, the
Action, Adventure and Mystery Games, Driving and Racing Games; yet when it comes to First-
Person Shooting Games, they used brownish complexions even in case of characters of caucasian
race. They used more realistic complexions in Children’s Games, Simulation Games and Strategy
Games.

1/1.6. The creators of VR games used unrealistic colours for colouring grass in this case as well.
When it comes to films, Action, Adventure, and Mystery Games show a darker and browner
colour of grass than our memory colours.

1/1.7. The colour of the sky in VR games concerning Action, Adventure, and Mystery Games; in
First-Person Shooting Games, the colour of the sky is very grey. Films usually feature skies of
lighter colours than their matching games. Action, Adventure, and Mystery Games include an
almost white sky, while First-Person Shooting Games have a purple tone.

Subthesis 1/2. 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.

[9], [35]
The notion of memory colour is used to describe the colours of such well-known objects that make
us recollect some kind of past visual experience. One has to distinguish between memory colour
and colour memory. The latter is the colour we will reproduce after we have seen a coloured object.
Memory colours are well-stabilised 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. A test software was implemented for this research. The observants
had to colour black and white pictures using the stest oftware made by my student research team.

76
72

TTe4

Figure 4: The result of the memory colour of grass, primary school children (red) L*¥=76, children
with intellectual disability (green) L*=72, game-addict university students (blue) L*=19, non-
addict university students who rarely or never play VR games (grey) L*=64
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75 observers used this test software in 4 groups: 20 average elementary school children (aged: 8-9
years), 10 children with intellectual disability (age: 9-15), 24 virtual game addict university students
(average age: 20) and 21 university students who rarely or never play VR games (average age: 20).
The task was colouring pictures using the colour palettes inserted in the test software and
answering a number of questions. The experiment was conducted in a dark room using a laptop
computer, the monitor of which was calibrated by an Eye-One apparatus. Every observer had good
colour vision, we tested them with Colourlite Colour Test. The chosen colours were stored in a
database and later used for generating numeric data.

84

a1 86

Figure 5: 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 VR games rarely or never (grey) L*=94

Second group of theses, in the field of Human-Computer Interaction and WEB-accssibility: |
research barrier-free design. | made recommendations to these concerning design and testing
methodology. [10], [11], [12], [13], [14], [30], [31], [36], [66]

Subthesis II/1. | 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 accessibilty. [15], [16], [40],
[41], [57], [58]

| did not find any publications that would deal with the testing of colours of rehabilitation games.
Therefore, | carried out the colourimetric testing of rehabilitation games designed for the
“StrokeBack” project. [116] In this testing the main objective of the investigation was to find out
how people with different colour-blindness types can perceive the games. For the investigation 4
different colour-blindness simulators were used. These are available on the Internet with picture
uploading features (ASP.NET) [119], (ETRE) [117], (Coblis) [118]. Furthermore, the downloadable
version of software ColorOracle (ColorOracle) [120] was implemented to test the pictures
appearing on the screen on the developer computer. The aim here was to find out how the users
of different types of colour-blindness — i.e. deuteranopia, protanopia, tritanopia — see the colours.
As a result, | reached to the conclusion that based on correct colour design the objects are clearly
visible, so colour-blind patients can practice the same way as people without visual impairment.

| made the colorimetric testing of the websites of Hungarian universities in the second research
belonging to the thesis. The main purpose of this research was to answer the research question
whether the websites of the Hungarian universities are accessible for those students who have
some colour deficiency problems.

Three types of investigation were performed:

e automatic tests with AChecker [121],
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e semi-automatic tests: five different colour-blindness simulators were used: ASP.NET [119],
ETRE [117], Coblis[118] and ColorOracle [120]; these tested the pictures appearing on the
screen on the developers’ computer to find out how the users of different types of colour-
blindness perceived the colours. The fifth one was the SEE [122] web-application.

e human tests with Variantor [123] special glasses and using questionnaires.

| determined the most common accessibility problems from the colour check point of view on 64
Hungarian University websites. Table 1 contains the number of known problems based on WCAG
2.0[109] guidelines. The highlighted problems are in close connection with the visibility of websites.

Table 1: Number of known problems by WCAG 2.0 using AChecker

Guidelines Levels of summa largest average
conformance number number number
1.1.1 Non-text Content (Level A) 994 315 15.53
1.4.1 Use of Colour (Level A) 2 1 0.03
1.4.4 Resize text (Level AA) 579 77 9.05
1.4.6 Contrast (Enhanced) (Level AAA) 2164 440 33.81

Fig. 6 demonstrates a design mistake: confusing colours. “Informacidk a 2016-/2017 tavaszi félévi
allamvizsgardl és diplomavédésrdl...” in purple in the right side of a black and white crest is very
similar to the blue colour of the links despite the fact that it is not a link. This light purple is the
same purple as the background of the main menu line and the colour of the submenu text below
it. Fig 7 shows how confusing it is that the “Informaciok a 2016-/2017 tavaszi félévi allamvizsgarol
és diplomavédésrdl...” looks like a link, although it is not a link.
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< C | @ Biztonsagos | https;//mik.uni-pannon.hu/index. php/hu/oktatas/zarovizsga It Qe MY I3 e
3% Alkalmazasok  fr Bookmarks i Get Bookmark Add-c & Frissites Mozilla Firefox 3 IFIP TC.13— IFIP Tec: [} CFPR at UWE : abou M EasyChair 2 EPSS FPT: Login

SZERVEZET v FELVETELI ¥ HALLGATOKNAK v OKTATAS v K+F+l v TEHETSEGGONDOZAS v

DOKTORI ISKOLA v

ROGRAMIERVEZO INFORMAT IKUS DOC VILLAMOSMERNOKI B¢ OGISZTIKAI MERNOK IVISC VIERNOKINFORMATIKUS MIDC
E-KERESKEDELMI INFORMATIKAI RENDSZERTERVEZO  NAGYVALLALATI INFORMATIKAI RENDSZERUZEMELTETO
OLajIPARI ELLATAS| LANC OPTIMALIZALAS FetsGokTATASI SZAKKEPZES

ZAROVIZSGA INFORMACIOK A 2016/17 TANEV TAVASZI FELEVEBEN

Informaciok a 2016/17 tavaszi félévi allamvizsgarol és diplomavédésrol a Miiszaki
Informatikai Karon

Szakdolgozat és Diplomamunka elkészitésének folyamata és hataridok a 2016/17 tanév
tavaszi félévében zarovizsgazéknak
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Figure 6: The original webpage of the information of the “final exam” site
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Figure 7: The webpage of the information of the “final exam” site as it is seen by a colour
deficient user with protanomaly

The results of the tests and evaluations point to the conclusion that unfortunately not every
Hungarian higher education website is clearly visible so students or prospective students with
colour deficiencies cannot obtain the information in the same “easy” way as the ones without
impairments. My recommendation for webdesigners is to create websites where it is not only
colours that provide information. It means that some patterns or huge contrasts would be efficient
for the easy visibility of every text, button or link on their websites.

With this research | wish to draw IT engineers’ attention to shortcomings so that they can improve
the quality of the service of educational sites, computer games and websites in the future, and
grant easy access for users and students with colour deficiencies.

Subthesis 11/2. Based on the testing procedures | determined a 12-point requirement list, and |
developed an expert questionnaire to test webpages. [4], [17], [37], [38], [54], [57], [58], [60]

| have made interviews with users with special needs in the first phase of the present research.
Then, two software validators were impremented to test about 500 websites in 12 countries such
as Austria, England, France, Germany, Hungary, Japan, Norway, Peru, Poland, Switzerland, Slovakia,
and the United States of America. The applied validators are WebXACT [124] and XValid. [17], [125]
With the help of these websites of 15 different categories of the following kinds were analysed:
governmental, educational, commercial, online shopping, healthcare, newspapers, TV channels,
timetables, banks, free-time, museums, assistive technology-scientific, sports and chat sites.
Exhaustive figures were collected based on the data of the testing not only for each country but for
countries inside and outside of Europe in the 15 previously listed categories.

Based on the figures, | pointed out the most frequent mistakes. When coming up with my
recommendations | took these problems into consideration. After the analysis of the data |
focussed on a 50% threshold concerning errors and warnings in all websites involved. | had a closer
look at the errors before summarising concrete technical, non-subjective recommendations. Using
the following 10-promptly recommendations chart, which is more specific than WCAG 1.0 [108] or
WCAG 2.0[109]), min. 50% of the websites analysed would be barrier-free. Complying with the
recommendations is cost-efficient and requires little time.

In the second phase of the research | performed new studies. The primary objective of next study
was to examine healthcare-related websites in 9 European countries in order to evaluate the status
of their accessibility. Such a detailed statistical comparison had not yet been carried out in Europe,
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especially as the present study offers a dual measurement system combining both the application
of automated testing software and statistical analysis of user feedback. My study compared 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 [121], secondly by Nibbler [126] and
subsequently followed by user feedback questionnaires evaluated by a group of experts. The
overall goal of this study was 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 concluding findings of the research yielded an additional
two recommendations to the ten ones formulated previously.

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 a 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.
Xx.  The <html> tags should be closed correctly so that the assistive technologies can parse
the content accurately and do not have to correct them.

xi.  All websites must be made responsive so that they can be accessed by any device or
platform independently of screen size.

xii.  Websites should be tested with real users! Involve people with disabilities in the
research, design and development process. Include different disabilities with the help
of:

o focus groups
e usability tests
e adesign and research team.

Subthesis 1I/3. | have disproved Goodwin et al.’s thesis [127] that the wealthier a country is (GNI
per capita), the fewer barriers will be present on its websites and the larger size of webpages in
Kbytes is, the larger barriers will be presented on its websites. So, | have demonstrated that the
design of accessible websites is independent of the economic situation and webpages size and
also demographic needs. [4]

The investigated European websites in the above mentioned research were grouped into Eastern
and Western-Northern countries. The results were compared 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. 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.

Fig. 8 and Fig 9 show that in the case of the AChecker test a larger size does not imply more errors.
The estimated value of the correlation coefficient is 0.027, it is very close to 0. The p-value of the
testis 0.791, therefore, we accept the hypothesis that these quantities do not correlate. This result
is the opposite of what was concluded by Goodwin et al. [127]
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Figure 8: Box-plot of the AChecker-known values in the function of webpage sizes (large, medium,
small)

AChecker Known Problems — Web Page Size
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Figure 9: The diagram of the AChecker known values in the function of the web page sizes
(Kbytes)

Figure 10 presents the number of AChecker known errors in the function of the GNI Per
Capita.The correlation coefficient is estimated to be -0.097, thus the hypothesis of independency
can be accepted on a significance level of 0.169.
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Figure 10: The box-plot of the AChecker-Kknown Problems in the function of the GNI Per Capita
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Third group of theses: Universal Design and Health IT: | conducted a research on barrier-free
design of both multimedia and VR games. For these | also suggested recommendations, design
methods and testing methods. Based on the recommendations of the previous group of theses,
I proved that it is possible to create a barrier-free website.

Subthesis llI/1. | created the design requirements and testing methods of customisability
concerning serious multimedia and VR games for skills development and rehabilitational use.
[Z]r [15]r [18-24]I [39]r [44'53]

Thanks to the GOET [128] project and 20 years of game developing, we were able to create many
multimedia and VR games to help the intellectually disabled youngsters carry on with their
everyday lives. First, | had to carry out a survey to obtain information on the users’ demands from
both pedagogical and user interface design points of view. Based on a great number of tests, |
created my own testing criteria. As part of the GOET project, we did both domestic and foreign
testing (in our partner countries, i.e. Belgium, England and Lithuania). The children with inltellectual
disability had to play the software twice a week for 6 weeks for at least 20 minutes/day. For the
usability test, | put together a questionnaire that was made up of 40 questions. Special-needs
schools that had taken part in our pedagogical examinations were asked to fill out these
questionnaires, moreover, teachers and parents of children with disability were also involved in the
survey. The research results obtained in the GOET project [128] were also useful in the
ISG4Competence project [129].

We have been developing rehabilitation software for stroke patients since 2004 as parts of several
projects. One of them is a project called StrokeBack [116] gave us the grounds to create many VR-
and multimedia-based games, and motivational-educational animations. During the research and
development work not only did | contact therapists but patients with special needs and skills were
also taken into consideration. Based on the serious game development for the telemidical system,
| realized that traditional software development models are not applicable. Therefore, | created a
new software development method based on the needs of patients and therapists and | created
the following Specification of Requirements:

e Functional requirements:

o the evaluating framework should not be negative, is should be made motivational
for the patient instead,

o instructive animations may demonstrate all kinds of movement to be practiced
prior to each game,

e} clear and straightforward feedback on the task and movement is needed,

e} let the user choose from different stories in the games,

e} a relevant motivational animation should be featured after each game,

o make the game customisable with the help of a level editor.

e Non-functional requirements:

e} all games must run in an extendable framework,

o) the games should match each other in their structures and style

o) the previously written elements may be used in the framework to avoid
redundance.

Subthesis ll1/2. | proved that accessible health-related websites can be created based on my
accessibility recommendations (Subthesis 11/2). In addition, the use of such websites improves
nursing workflow, efficiency and patient education. [29]

136



dc_1841 20

The use of websites to provide patient education is becoming more common. The benefits of a
properly executed and effective preoperative patient educational intervention have been shown
to result in improved psychological and physical well-being for patients undergoing surgery. The
purpose of this pilot study was to determine the usability, utility, and feasibility of a website we
created to increase engagement and improve the quality of the preoperative education patients
receive in preparation for hip and knee arthroplasty. Eighty patients who met the inclusion criteria
were recruited, aged between 40 to 65, among those 52.5% were female, 71.25% were placed for
knee replacement, 28.75% for hip replacement. Forty patients were randomly assigned to paper
education cohort, 40 to the paper and website education cohort. However, only 19 from each
cohort participated in the survey questionnaire. The outcome of interest included qualitative data
for patient knowledge, satisfaction, utilities, and usability, which were assessed based on the
Perceived Health Website Usability Questionnaire online survey. The paper-based survey contains
ten questions using a 7-point Likert scale while the web-based survey contains fourteen questions
using the same 7-point Likert scale. Descriptive statistics and independent samples t-tests were
used for comparative analysis of usual paper education and website education cohorts; whereby
Microsoft Excel data analytics tool was used to compute the results. The Alpha level was set to
0.05 for the statistical results. The result of the study showed no statistically significant differences
in both cohorts at the 0.05 level. According to the survey result for the nursing staff, the use of the
website improved nursing workflow, efficiency, and patient education.

Figure 11 illustrates the accessibility testing of the website by AChecker [121] used in the research.

Web Accessibility Checker T a

) web Accessibility Check

|Check Accessibility By:|
ST I8 HTML File Upload Paste HTML Markup

Address: |https://wwwointsurgeryeducation.info/

Check It

| Accessibility Review |

— - - Export Format: [ PDF v | Report to Export: | All
Accessibility Review (Guidelines: WCAG 2.0 (Level AAA))

Known Problems(0 Likely (1) it (91) HTML Validation CSS Validation

@ Congratulations! No known problems.

»

Figure 11: Screenshot of the AChecker automated tool (after the test, showing the results).

IV.  Applying new scientific findings

My research was aimed at studying problems which either have not been solved, or have been
discovered recently, and | also put forward recommendations to work these problems out.

As a software engineer, | have always wondered how much the software | develop is usable for
others, including not only the functions but also the design of the user interface. Meanwhile, under
the guidance of Professor Janos Schanda, | learnt a lot about colours and became interested in
colour science research. But | also realized that there was very little software developed for special
needs user groups in the beginning. Thus, my interest expanded in the field of barrier-free design.

My scientific contributions mainly concerned the international projects financed by the European
Union, listed below, of which | was the Hungarian project leader.

The “Colour Research for European Advanced Technology Employment” CREATE (MSCF-CT-2006-
045963) project [130] primarily served the training and further training of future professionals and
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researchers in the field of colour theory, on undergraduate and Ph.D. levels alike. In this project |
gave lectures several times at semi-annual trainings in different European countries. After the
closure of the project several books were published, now these are used in the teaching of colour
science at various universities in Europe. My contribution, specifically described in Thesis 1/1, 1/2,
and IlI/1, was given an important role in the books to which the editors invited me. [56-59]

| worked actively in several groups in the “Design for All for elnclusion” DfA @ elnclusion 033838
project. [131] Thesis 1l/1 and the first research of Thesis II/2 contain in detail the scientific results
that were utilized in this project, mainly in the “Standaradisation” and “Technological Development”
work packages. | was not only the Hungarian leader of this project but also the coordinator of the
international project with the participation of 23 countries for one year. As a result, the book |
edited, entitled “Principles and Practice in Europe for e-Accessibility”, was born as a dissemination
activity of the project. [70]

Parallelly with the DfA project | worked as a Hungarian project leader in the web_access project
“Joint Program on Accessible Web Design” (133818-LLP-1-2007-1-AT-ERASMUS-ECDEM). [132] As
part of the project, we developed a 120-credit blended-learning course with 5 Western European
universities to facilitate barrier-free web design and assistive technology education. The results
described in detail in my first research of Thesis 11/2 were also used in this project. After closing the
international project, | developed the 60 ECTS “Barrier-Free Web Designer” and also the 60 ECTS
“Assistive Technology” engineering courses for the University of Pannonia, which were successfully
accredited.

| cannot emphasise enough the importance of the findings that are used in practice. The findings
of the researches enabled considerable progress in the work | did with my students (via projects
GOET, StrokeBack, ISG4Competence) [128], [116], [129]; these developments are currently used by
our partners in 9 different Europen countries. All these developments are described in detail in the
dissertation and the 1l1/1. subthesis based on them.

Also, as a result of the publications based on Thesis l1l/1, | was invited to the LUDI - TD COST Action
TD1309 - “Play for Children with Disabilities” international consortium. [133] | was also a member
of the Management Committee in the international project that ended last year. During the project
my results in Thesis I/1, I/2, and IlI/1 were directly used. | closed this international project with a
book chapter co-written with my former Ph.D. student. The title is ,,Play for children with disabilities:
some reflections on the results on the users’ needs and on the role of technologies”. [67]

Thesis l11/2 further supports my research results in Theses Il/1 and Il/2. The statement in Thesis I1l/2
is also supported by a statistical analysis of a questionnaire completed by the medical staff and
patients of a public hospital in Baltimore (USA). [29]

In the international project starting at the time of submitting this dissertation | am not only a
domestic project leader but also a member of the Management Committee: (COST CA19104)
“Advancing Social Inclusion through Technology and Empowerment”. [134] The subject area of this
also overlaps significantly with my research in both colour and barrier free design.

| have received many references and quotations of my new scientific findings both in the fields of
barrier-free and colour design. The theses may be well-used to design and test multimedia and VR
games as well as creating barrier-free websites and accessibility and usability testing.

Moreover, my findings can also be used in education. Seeing my achievements, | have been
featured lecturer in several international conferences. It is very important that my work is
internationally acknowledged and that is why | got the chance to organise the Association for the
Advancement of Assistive Technology in Europe (AAATE) [135] conference in Hungary in 2015. In
addition, | receive numerous invitations for reviewing international projects and journal articles.
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V. University lecturer and publication work

In addition to my research and teaching activities, which are mainly related to the University of
Pannonia, | was an invited lecturer at the Faculty of Information Technology and Bionics of the
Pazmany Péter Catholic University (PPKE), where | held lectures in the subject of "Design user
interface". | am also a regular guest lecturer in the vocational training of rehabilitation engineers
at the Budapest University of Technology and Economics and the University of Obuda.

| defended my habilitation application at the University of Pannonia in 2017.

During my teaching activities | have been the supervisor of 3 Ph.D., 111 M.Sc., 93 B.Sc., 53 TDK
dissertations, and 14 Innovation Competition Work. My undergraduate and doctoral students have
won numerous awards.

From 1998 | was the secretary of the Applied Light and Colour Work Committee of the Veszprém
Regional Committee of the Hungarian Academy of Sciences for 10 years. | was also a regular speaker
at workshops and conferences organized by the committee.

In 2009 | founded the Human-Computer Interaction & Design for All Section of the John von
Neumann Computer Science Society (NJSZT), of which | was the chairman for 10 years,
subsequently | handed over the presidency to my former doctoral student, and since then | have
been the vice-president of this section. | am a professional advisor to the Multimedia in Education
Section of the NJSZT. | am also an active member of the Medical Biology Section of the NJSZT. | am
a regular annual speaker at the conference organized by all three sections. My publications are
closely related to my Theses presented.
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Appendix B

Virtualis vilagok szinhelyes és akadalymentes tervezésének
tesztelési mddszerei

MTA doktori értekezés tézisei

Sikné dr. Lanyi Cecilia, Ph.D.

Pannon Egyetem
Villamosmérnoki és Informdacids Rendszerek Tanszék

Virtualis Kérnyezetek és Alkalmazott Multimédia Kutatdlaboratdrium

Veszprém, 2020
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| Az értekezés targya, el6zmények, célkit(izés, motivacio

A szamitastechnika, informatika és a rendelkezésre all6 szamitasi kapacitas fejl6dése révén egyre
valdsaghlibb képi megjelenités valik lehetévé. Ezen fejl6dés eredményeként Uj tudomanyagak
jottek létre, pl. a szdmitdgépes grafika, virtudlis valésag. Ennek a folyamatnak egy érdekes és
kihivasokkal teli része a szinhelyes megjelenités kérdése. A kapcsolédd kutatdsok egyik
|étfontossagu terlilete a felhasznaldi igényekre, ezen belil az akadalymentesités teriiletére
Osszpontosit. A jelen értekezés egyik f6 torekvése példaul az olyan webes akaddlymentesitési
ajanlasok legitimizalasanak elGsegitése, melyek a szintéveszt6 vagy egyéb latasi nehézséggel
kiiszk6d6 emberek szamdra lehetévé teszik az interneten taldlhatd informaciok akaddlymentes
elérését.

Az internet megjelenésével az informacidatadas felgyorsult, megjelentek a kdzosségi haldzatok,
online jaték-kozosségek. Ez a dimenzid tébb millid felhasznalét 6lel fel. Mind a k6zdsségi haldzatok,
mind az online jatékok felfoghatdk egy-egy virtualis vilagnak.

Az elmult két évtizedben a kutatdmunkam két teriilethez kapcsolddott: egyrészt a szamitogépes
szoftverek szinhelyes megjelenitésénék témakoréhez, masrészt az alkalmazasok akadalymentes
tervezéséhez. A két teriilet szorosan kapcsolddik egymashoz, mivel a felhasznalék minimum 10%-a
valamilyen fogyatékossagal rendelkezik. [71] A jelen értekezés kovetkezésképpen ezen két
teriletet oleli fel:

e szoftverek, beleértve a virtualis jatékok és weblapok szinhelyes tervezése,

e szoftver ergondmia, kilondsen az akadalymentes tervezés, hogy barki kénnyen tudja
haszndlni az adott szoftvert, weblapot. Lehet az akar jaték, oktatasi anyag vagy
egészséglgyi, orvos informatikai rehabilitacids alkalmazas.

A virtudlis kornyezet (Virtual Environment VE): egy szintetikus, térbeli (altaldban 3D) vilag a
felhasznald nézépontjabdl, mely valés id6ben kontrolldlhaté. Néhdny irodalomban a virtualis
valdsag (Virtual Reality VR) és virtudlis kornyezet (VE) tobbé-kevésbé egyet jelent [72]: a virtualis
kornyezeteket az alapjan kilonboztetik meg a tobbi szimulacids rendszerektél, hogy azok képesek-
e haromdimenzids (3D) térbeli informacidk kilénb6z6 mdédokon vald abrazoldsara, képesek-e a
felhasznaldk természetes interakcidit hasznalni, amennyiben , belemerit6” rendszerrél van szé. [68]
A belemerit6 rendszerek hatasa a felhaszndldéra egy szintén élvonalbeli kutatdsi terilet. [69] Itt is
Uj kutatdsi teriilet lehet a kis és nagyméretli fellletek szinhatasa, amire a valds vilagban sok kisérlet
és kutatas létezik. [73,74]

Egyre tobb internetes, haromdimenzids (3D) jaték taldlhatd manapsdag. Steinkuehler vizsgalta az
elmult években a legnépszer(ibb harom globalis k6z6sségi VR jatékot. Ezeknek 6sszesen tébb mint
9,5 millié felhaszndldja van szerte a vilagon — ez a ,l1élekszam” felveszi a versenyt, példaul a legtobb
amerikai metropolisz lakossagszamaval.[75] Azonban egyre nagyobb az (ir a virtualis hGsok és a valo
vilagbeli emberek tulajdonsagai kozott. Ez a kilonbség lathatd a szinek megvalasztasaban is.
Erdekes hipotézisként bebizonyosodott, hogy a VR jatékok szinezése befolyasolja-e a felhasznalok
memoriaszineit. Ezért kutatasi célként tliztem ki a kilénb6z6 VR jatékok szinezésének vizsgalatat,
osszehasonlitva az irodalomban taldlhaté memoriaszinekkel. [76,77]

A kulturdlis kiilonbség tanulmdanyozasa egy feltorekvé kutatasi teriilet lett az elmult évtizedben. A
kulturdlis kiilonbségek hatdssal vannak a felhasznaldk informdacidval vald interakcidikra. [78-80] Az
elmult masfél évtizedben a kulturalis kiilonbségek tanulmanyozasat a szintan teriletén végeztem.

Koéztudott, hogy a szinek hatassal lehetnek az emberi érzelmekre, érzésekre, abban az értelemben,
hogy egyes szinek boldogsagot, mig néhany szin deperessziét is kivalthatnak.[81] A kulturak kozotti
vizsgalatok azt mutatjak, hogy a kiilonbo6z6 kulturalis csoportok eltéré valaszokat és preferencidkat
mutatnak a szinek [82] és a szinkombinacidk vonatkozasaban. [81,83]
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Sato és munkatarsai [84] harom tulajdonsag alapjan végeztek vizsgalatokat: a szinek befolyasold
hatdsa, a szinezetdussag és hideg-meleg szinek vizonyat vizsgalva. Smet és munkatarsai [85]
kiilonb6z6 kontinenseken végeztek szin memaria vizsgalatot. Ebbdl a par kutatasbdl is latszik, hogy
a szinekkel vald kisérletek gyakran pszichofizikai kisérletek.

Multimédids alkalmazasok sokszor haszndlnak grafikus rajzokat a fényképek helyett, mert ezek
hatékonyabban tarolhatdk és mozgathatdk. Sok esetben a felhasznalék megfelelének tartjak a
kevés szinnel szinezett képeket is. A virtudlis valdsag (VR) szimulacidkban (elsésorban terdpias
célokra) a minél élethlibb megjelenités az elvart. A grafikus kép készit6jének, a 3D modellez6nek
valasztania kell a tulajdonsagokat reprezentald szinek sokasagabdl. A legtébb modellez6 szoftver a
szinek széles skalajat engedi hasznalni a sajat palettdjardl, de nem sok uUtmutatast ad arra
vonatkozdan, hogy hol és melyiket érdemes alkalmazni. Régebben a képek szinezése a grafikus
feladata volt. Manapsag ez is az animaciot programozé informatikus mérndkre, animatorra harul.
A képnek van esztétikai értéke is, ami annyit jelent, hogy a valasztott szinek nem lehetnek
kaotikusak, harmonikus egységet kell alkotniuk. Szinharmdniakra szamos iranyelv |étezik.[86]
Virtudlis muzeumok kapcsan pedig elvart lenne, hogy a mizeumi targyak, festmények valdsaghtien
keriljenek bemutatasra.

A tudomanyos el6zmények kozott meg kell emliteni a szintan oktatasahoz készilt multimédias
oktatéanyagunkat is.[1] A szintani kutatasok egyik kiemelt teriilete, hogy a valamilyen
szintévesztéssel rendelkezé felhasznalok hogyan latjak a szoftverek felhasznaldi fellletét,
weblapokat. Az emberiség szamanak novekedésével a szintéveszték szama is né. Ez nem
elhanyagolhatd, hiszen tébb szazmillié embert jelent. [87,88] A szoftverek tervezésénél tehat
nemcsak arra kell tigyelniink, hogy a felhasznalt szinek harmonikusak legyenek, hanem a kiilonb6z6
szinek haszndlata soran ne fordulhasson el6 az, hogy egy szintévesztéssel él6 felhaszndld szamdra
valami nem lathatd. Azaz szamara is akadalymentesen lehessen haszndlni az adott szoftvert, illetve
weblapot.

Az utébbi id6ben hatarozottan fellendiilt az akadalymentes tervezés teriletén a kutatds, novekvé
szamu cikk, szamos fontos alkalmazas latott napvilagot. A korlatozott terjedelem miatt ezek itt nem
kerllnek felsoroldsra [89,90] (a sajat vdlogatott publikicidkon kivil) [2,3,30-33,55], inkdbb
statisztikai adatokkal tdmasztom ala az akadalymentes tervezés fontossagat és id6szerlségét.

Az Eurdpai Bizottsag prioritasai kozott szerepel a modern digitalis szerz6déses szabalyok
egyszer(sitése és a digitdlis tartalomhoz val6 hozzaférés tamogatdsa, valamint az online értékesités
novelése. [91,92] Tamogatni kivanjak a digitalis piaci stratégiat a tagorszagokban. Tovabba uj e-
kereskedelmi szabalyokat vezetnek be, hogy kdnnyebb legyen vasaroni és eladni temékeket az EU-
ban.[93] Magyarorszagi adat, hogy 2015-ben tébb mint 22 millidszor vasaroltak terméket
online.[94] A magyarorszagi online kiskereskedelem forgalma 18 szazalékkal béviilt 2016 elsé fél
évében az el6z6 évhez képest, és elérte a 131 milliard forintot.[95] Ez a szam egyre csak novekszik.
A mintegy 3200 magyar webdruhazzal rendelkezd e-kereskedd bevonasaval készilt felmérés
alapjan a hazai online kiskereskedelem 2018-ban elérte a nettd 425 milliard forintos éves forgalmat,
ami mintegy 17%-kal multa felll a 2017-es szintet és 4,5%-4at adja a teljes magyar kiskereskedelmi
forgalomnak.[96] A hetedik éve késziil6, szektorszintl felmérés alapjan a hazai online
kiskereskedelem 2019-ben elérte a brutté 625 millidrd forintos éves forgalmat, ami mintegy 16%-
kal multa felil a 2018-as szintet. Az online értékesités adja a teljes magyar kiskereskedelmi
forgalom 6,3%-4at.[97]

Raadasul az online vasarldk tobb mint fele mar vasarolt egy kilfoldi webaruhazbdl. [98] A magyar
fogyaszték 2019-ben bruttd 145 millidrd forintért vasaroltak a kilféldi webaruhazakban. [99] Tobb
mint 50 000 uj kezd& online vasarld jelent meg az online piacon a jarvany kezdetén masfél hénap
alatt. [100] A WHO 2020 marcius 11-én vildgjarvanynak mingsitette a COVID-19 koronavirus-
fertGzést. [101]
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De ne csak az online kereskedelemre gondoljunk, hanem sokkal szélesebb teriilet(i internet
haszndlatra. Ha a kozelmualt eseményeit nézzik, a Covid-19 jarvany kitorése az otthoni
munkavégzést normava tette tobbmillid munkavallalé szamara az EU-ban és vilagszerte. Az Eurdpai
Bizottsag Ko6z0s Kutatdkodzpontjanak Uj elemzése feltarja azokat a kihivasokat, amelyekkel az
orszagok, a munkaaddk és a munkavallalok szembesilnek az Uj otthoni munka kérnyezetben.
[102,103] Sok-sok milli6 ember kényszerilt othonrél dolgozni és otthonrél tanulni, a haziorvosi
tavellatasrél nem is beszélve. Ez a szlikségesség és a home office igénye is aldtdmasztja mennyire
fontos az internet akaddlymentesitése.

A legtobb szoftvergydrtd cég eddig nem gondolt kiemelten a specialis igény( felhasznaldkra, mert
nem lattak a potencidlis piacot ezen felhasznalok korében. Azonban statisztikai adatok bizonyitjak,
hogy a vilag népességének minimum 10%-a él valamilyen formaban fogyatékossagal. [71] Az USA-
ban ez a szam a becslések szerint 14% és a 65 év feletti népesség 65%-a tekinthetd fogyatékossaggal
élének. A fogyatékossag szorosan Osszefligg az életkorral. A fejlett tdrsadalmakban egyre t6bb
ember lesz 75 évesnél id6sebb, akik nagyobb valdszintliséggel rendelkeznek valamilyen
karosoddssal. Ez a csoport 14,4% -at fogja kitenni a lakossagnak 2040-re, szemben a 2003-beli 7,5%-
al, azaz mintegy a kétszeresére névekszik.[104]

Tovabba, 2020-ra az Eurdpai-Unié (EU) lakossaganak 25%-a 65 év feletti lesz. A nyugdijakra
forditott 6sszegek, az egészségligy és a hosszu tavu gondozas varhatéan névekedni fog és 4-8% a
lesz a GDP-nek az elkdvetkezd évtizedekben. Az ilyen jelleg(i kiaddsok megharomszorozddnak 2050-
re. De arra is gondolni kell, hogy az id6sebb eurépai lakossag ,,vagyona” tébb mint 3000 millard €.
[105] Az a cég, amelyik nem szdmol azzal, hogy akadalymentesen nyujtsa termékeit és
szolgaltatasait, a fogyasztdinak/felhasznaldinak jelentés részét el fogja vesziteni.

Uj megoldasokra van szilkség az id6sek mindennapi gondozdsdhoz és egészségiigyi
monitorozdsahoz, akik esetleg nem tudnak elkdltézni otthonukbdl [106], pl. digitalis e-health
egészségligyi szolgdltatasokra és a tavolbdl vald digitalis szocidlis gondozasra van sziikség. [107]

Ehhez elengedhetetlen a szoftverek, az intenet akadalymentessé tétele. Az internet, a szoftverek,
VR alkalmazasok akadalymentesitése nem egyszer(i feladat hidba l|étezik az egyetemes,
»mindenkinek tervezés” elve és szempontrendszere [70,89,90], hidba léteznek kilonb6zé
szabvanyok és elGirdsok az internet akadalymentesitésére. [108,109] A kérdés bonyolultabb, ha a
felhasznald specialis igényeit is figyelembe kell venni. Ezért is végeztem kutatast, hogy dsszeallitsak
egy minimalis kovetelménylistat, amit minden szoftvermérnoknek, informatikusnak és webes
tervez6nek figyelembe kellene vennie. [2,3,30-33,55]

A kiterjesztett valosag (Augmented Reality AR) és a virtualis valosag (VR) globdlis piacanak becslései
szerint 2020-ban 22,1 millidrd USD bevételt generalnak, és a novekedés 2025-re varhatdan eléri a
161,1 milliard USD-t, ami az elGrejelzési idGszakban 48,8% Osszetett éves ndvekedési ratat jelent.
A piacot olyan tényez6k mozgatjak, mint a novekvé reagélds ezen technoldgidk irdnt, az AR és a VR
technoldgia gyors elfogadasa a kiilonb6z6 iparagakban, valamint az AR és a VR Osszeolvadasa a
vegyes valdsag kialakitasa érdekében, amely megvaldsithatd a leend6 alkalmazdsokhoz.[110] A
VR/AR iparag gazdasagi elemz&i az elkovetkezendd 10 évben 182 milliard dollaros névekedést
prognosztizdlnak. Ebb6l 110 millidrd a hardver és 72 millidrd a szoftver.[111] Mivel az olyan vezet6
szoftvercégek, mint a Microsoft egyre inkdbb térekszenek az akadalymentes szoftverek kiadasara,
a jatékiparban is egyre tobb igény meriil fel az akadalymentes tervezésre.

Osszefoglalva, a népességi adatokbdl, a felhaszndlék igényeib8l és az e-kereskedelmi, e-health
torekvésekbdl latszik, mekkora igény van az akadalymentes szoftverekre és internetes
elérhet6ségre. Mindehhez hozzajarul a szinhelyes tervezés fontossaga is. [5-8]

Az értekezés legfébb célja, hogy a felvazolt felhasznaldi akadalyokra és problémakra mérések és
statisztikai elemzések alapjan megoldasokat javasoljon az életmindség javitasa érdekében;
valamint tesztelési maddszereket, ajanlasokat készitsen felhasznalobarat, szinhelyes és
akadalymentes internet és szoftverek tervezéséhez.
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[l Alkalmazott eszk6z6k és vizsgalati modszerek

A tézisflizetben Osszefoglalt eredményeket a szlikebb szakteriilet hagyomdnyosan elfogadott
modszereivel értem el. Kutatdmunkam soran, ahol csak lehetséges volt, torekedtem az objektiv
vizsgalatokra, mérésekre. Latds-pszichofizikai vizsgalatokra kilonféle pszichofizikai mddszereket
lehet alkalmazni. A szintani vizsgdlatokhoz a kisérletek, mérések egyrészt objektiv mérési
madszeren alapultak:

e szoftveresen —a Photoshop Eydrop tool segitségével,

e mérémlszer segitségével - az X-rite Eye-One (i1l), Minolta, Spectrascan spektro-
colorimetert-hasznalva,

e atémavezetett hallgatdi kutatdcsoportom altal készitett teszt-szoftverek segitségével,

e Microsoft Excel adatelemz§ szoftver hasznalataval,

e R (R 3.5.0 verzio) statisztikai program csomag hasznalatdval,

masrészt a szinmemariara vonatkozd kisérletek szubjektiv pszichofizikai vizsgalattal késziltek.

A Human-Computer Interaction: a szoftver-ergonémia teriletéhez tartozdé akadalymentes
tervezési kérdésekben a méréseket egyrészt objektiv mddszerrel, a témavezett hallgatdi
kutatocsoportom altal készitett tesztszoftverekkel, nemzetkézileg elfogadott validald
szotfverrekkel; masrészt human kérdGivekkel végeztem: a hallgatdi kutatécsoportom altal készitett
jatékok felhasznaldi feliiletre, illetve hasznalhatdsagara vonatkozo vizsgalatokkal.

A kérddivekbdl nyert adatok leird statisztikai jellemz6k kiszamitasan tul matematikai eljarasok
alkalmazasaval kertltek vizsgalatra. A webhelyek atlagos hibaszdamanak azonossaga kilonb6zé
csoportositasok révén is Osszehasonlitasra kerilt. Az egyes hibatipusok gyakorisaga, egyes
feltételek teljesiilése esetén a hibatipusok ardnyanak egyez&sége is a vizsgalatok targyat képezte.
Pearson korrelacids egylitthatd alkalmazasaval vizsgaltuk a hibajellemzd6k orszagjellemzékkel vald
OsszefliggGségét (pl id6s populdcié aranya), valamint az egyes tesztel6 programok altal talalt
eloszlas esetén ez egyben fliggetlenséget is jelent. A vizsgalatok szerint nincs korrelacio a vizsgalt
teszttipusok eredményei kozott, ami azt mutatja, hogy az egyes hibadetektaldk mas-mas jelleg(i
hibdkat jeleznek. Az orszdgok kdzotti hasonlésagok a k-means klaszterezési eljarassal is kimutatasra
keriltek. Az 6sszes statisztikai szamitast az R statisztikai programcsomag segitségével tortént (R
verzid: 3.5.0.).

A nemzetkozi egylttmikodéssel foytatott kutatasi-fejlesztési projektek keretében, laboratériumi
kisérletek és oktatasi, rehabilitacios megfigyelések révén kidolgozott eljarasokat, kérdGiveket
részletesen a téziseknél feltiintett publikdcdkban ismertetem. Tevékenységem egyik fontos elemét
éppen az képezte, hogy a szoftvergondmiai elvek milyen mdédon és mértékben vezethetdk at a
szoftvertervezés napi gyakorlataba.

A tézisflizetbe azon eredmények keriltek a PhD fokozat, illetve a habilitaci6 megszerzése 6ta,
amelyekben a hozzajaruldsom lényeges volt, amelyekben a sajat munkam tulnyomdnak mondhato.
Par publikaciétdl eltekintve, melyek Schanda Janos professzor urral kozésen végzett kutatas
eredményei, a publikacidk donté6 tobbsége a sajat témavezetett B.Sc., illetve M.Sc. és egy esetben
PhD hallgatdval végzett k6zos munkabdl szilettek, ezekben az esetekben tars-szerzékként
tintettem fel 6ket. A megallapitasok, tézisek a tars-szerzGim hozzajarulasaval keriiltek ide.

Az egyes tézisek ezeket a publikaciokat tobbnyire id6rendben tartalmazzdk. Az elmult masfél
évtized csupdn 70 sajat publikaciojat (terjedelemi korlat miatt) soroltam fel a tézisekhez és
el6zményeihez, de ennek a szdmnak tobbszordse is igazolja a tézisek allitasait. (Az MTMT oldaldn
az itt fel nem sorolt publikaciéknak elérhetésége megtalalhatd.)
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1] Az Uj tudomanyos eredmények 6sszefoglalasa tézisekben

A tézisek az alkalmazott kutatasi eredményeimnek tomor 6sszefoglaldsat tartamazza. Téziseimet
témaik szerint harom téziscsoportba solom.

. TEZISCSOPORT: Szintervezés teriiletén: A virtualis viligok nem valésagh(i szinekkel
jelenitédnek meg, abban az esetben sem, amikor a szinhelyes megjelenités elvart lenne, ami
befolyasolja a memadriaszineinket.

1/1. altézis: Mérések alapjan megallapitottam, hogy nem valésaghi szineket hasznalnak a
képregénykészitok és VR jatékfejlesztok. [9], [34], [56-59]

A mérésekhez tobb mint 300 grafikus képet, elsGsorban képregényt, gyljtéttem minden foldrészrél.
A képek csoportositdsa alapjan meghataroztam, hogy melyek azok a tulajdonsagok, melyeket
érdemes kiemelten vizsgalni. Szinte minden képnek van szerepldje, akiknek van arcuk, hajuk (széke,
barna, fekete, voros). Sok a tajkép (eurdpai és japan esetben), tehat vizsgalhatjuk az ég, a felhd, a
t6, a fli, a lomb, a fatorzs és a homok szineit.

A kategoériak és a vizsgalandd tulajdonsagok megallapitasa utan egy relacios adatbazis készilt az
adatok tarolasahoz. Az adatbazisban taroltam minden fontos adatot, amire késGbb sziikség lehet a
kiértékelésnél. Helyszin szerint is csoportositottam a képeket: tajkép, belsd tér, varos, portré, stb.
Méréseimhez a CIELAB szinrendszert hasznaltam. [112] Az RGB és CMYK rendszerekkel ellentétben
ez egy berendezés-fliggetlen szindbrazoldsi mdd, amely a szindbrazolds egyik nemzetkozi
szabvanya. [113] A CIELAB szintér elméletben minden szin abrdzolasara alkalmas, ezért is lett ez a
szininformdcié atvitelének az alapja. A CIELAB modellben meg kell adni a vildgossag (L) mellett a
szinesség helyét az a*, illetve a b* skdlan, amelyek a zold és voros, illetve a kék és sarga kozti
egyensulyt hatdrozzdak meg. A szineket harom jellemz6 szerint kategorizalhatjuk: vildgossag,
telitettség, szinezet. Papiron szerzett képregények (hard-copy) szineinek mérése egy kézi spectro-
colorimeterrel tértént. A mérés bedllitasa: CIE llluminant D65-0s megyvilagitds és 2 fokos észlel6. Az
Internetrdl vett képek (soft-copy) mérése az Adobe Photshopban tortént, a Sample Tool
segitségével mintakat vettem a kiilonbozé tulajdonsagokbdl és ezek az adatok keriltek mentésre
az adatbazisban. A mérések alapjan a kovetkezéket allapitottam meg:

1/1.1. Japan internetes képregények szinezésekor a telitettebb, erételjesebb, sokszor a s6tétebb
szineket hasznaljak, mig az eurdpaiaknal a halvanyabb, vilagosabb szineket részesitik el6nyben.
Arcszin valasztasdnal a japan szin sokkal halvdanyabb, de semmiképpen nem nevezhetjiik
sargasnak, ahogy a valésagban.
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1. dbra: Hdarom jellemzé tulajdonsdag eredményeinek abrdzoldsa az a*, b* grafikonban. Kék az
amerikai, z6ld az ausztrdl, piros a japdn és soft-copy értékek. A kézéppont az
dtlagérték, az ellipszis sugara az a*, b* szords értékei, L* értéke az ellipszisek mellett szerepel.

145



dc_1841 20

1/1.2. Nyomtatott képregény-papirképek esetében a japan szinek a leghalvanyabbak, és az
ausztralok a legélénkebbek.
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2. dbra: Harom jellemzé képrészlet eredményeinek dbrdzoldsa az a*, b* grafikonban. Kék az

amerikai, z6ld az ausztrdl, piros a japdn és hard-copy értékeket jeldli. A
kézéppont az dtlagérték, az ellipszis sugara az a*, b* szérds értékei, L* értékei az ellipszisek
mellett szerepelnek.

1/1.3. Az amerikai képregényekben bizonyos tulajdonsagok (kékes-zéld arcszin, a sargas taj)
szinei egészen tavol allnak a valds szinektdl.

1/1.4. Hard-copy (nyomtatott) szinek G6sszevetése a soft-copyval (monitor) nemzetenként: a
papiron mért eredmények kicsit fakobbak, nem olyan élénkek, mint az Internetes (soft-copy)
képek, ezek altalaban sotétebbek is. Legtobb esetben a japanok szinezési szokasai térnek el a
tobbi kultarterilettdl. A japanok hasznaljak a legélénkebb szineket a monitoron megjelenitett
képeknél, de a papirkép eredményeik viszont vildgosabbak.

b* b*

3. dbra: Az arcszin eredményeinek dbrdzoldsa az a*, b* grafikonban. Baloldalt a soft-copy,
jobboldalt a hard-copy eredmények Iathatok. Kék az amerikai, zéld az ausztrdl, piros a japdn és
ellipszisek. A k6zéppont az dtlagérték, a sugdr az a*, b* szords értékei, L* értéke
az ellipszisek mellett szerepel. Narancs pont: Bartleson [114], bordd pont: Tarczali [115], kék
pont: a miszerrel mért dtlageredmény.

A virtudlis jatékok szineinek kutatatasaban (stilust, tartalmat és a grafikat figyelembe véve)
osztalyoztam a legdivatosabb virtualis jatékokat. Nyolc csoportot alakitottam ki: 1. Action,
Adventure, Mystery Games, 2. Children's Games, 3. Driving & Racing, 4. First-person Shooters, 5.
Simulations, 6. Role-playing Games, 7. Strategy, 8. Sports. Mindegyik jatékcsoporton belll 7-10
jatékbol kerestem Osszesen 752 képet az Interneten, majd 20 jatékbdl, amiknek volt film parja, 179
képet valasztottam ki. A képanyagot eltaroltam a forras megjelolésével egy-egy konyvtarba. A
képeken lathaté objektumoknak (fa, fd, lomb, ég stb.) és lényeknek (az adott jaték szereplGinek
bérszine, hajszine) Adobe Photoshop-pal meghataroztam a szini tulajdonsagait és ezeket a forras
megjelolésével eltaroltam egy adatbazisba. Toébb mint 4500 mérési adatot kaptam. Ezen adatokat
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statisztikailag elemeztem (atlag, szoras) és hasonlitottam a képregényekben hasznalt atlagos
szinekhez, és a memoriankban tarolt szinmemoria szinekhez. A méréseket a CIELAB
szinrendszerben végeztem. Vizudlisan két-két szin kozotti kilonbséget jelzGkkel (nagy kicsi stb.)
mindsitjik. Ennek a CIELAB szinrendszerben a vildgossagkilonbségbdl és az a* b* koordinatakbol a
kovetkez6képpen meghatarozott mennyiségek felelnek meg: Ah,y, szinezeti szog kiilonbség (ha =
arctan (b*/a*)) és a AC;, szinezet-dussag kiilénbség (Cx, = (a*? + b*?)Y/?). Ezek mérésével, illetve
szamitasaval allapitottam meg a kovetkezd tézisekhez tartozo allitasokat.

1/1.5. VR jatékok arcszinezete sargasabb a memoériaszineknél, az Action, Adventure, Mystery
Games; Driving & Racing Games; First-Person Shooters Games jatékoknal barnas arcszineket
hasznalnak kaukdazusi bérszin esetén is. A valésaghoz kozelebb allé arcszineket hasznalnak a
gyermek, szimulacids és stratégiai jatékokban.

1/1.6. VR jatékok zold fii szinezete (gyermek és szerepjatékok kivételével) s6tétebb és barnasabb,
mint a memdriaszineink. Ebben az esetben is a VR jatékkészitok nem valos szineket hasznalnak
a fii szinezésére. Filmek esetén az Action, Adventure, Mystery Games fii szine sokkal s6tétebb
és barnasabb, mint a memariaszineink.

1/1.7. VR jatékok égbolt-szine az Action, Adventure, Mystery Games; First-person Shooters
Games jatékokban nagyon sziirke. Filmek altaldban vilagosabb szin(i eget hasznalnak, mint a
hozza tartozo jaték kategdriabeli szinek. Az Action, Adventure, Mystery Games csaknem fehér
szinli eget, mig a First-person Shooters Games lila szinarnyalatot hasznalnak.

1/2. altézis: A VR vilagok hamis szine befolydsolja a memdriaszineinket. Az értelmileg
akadalyozott diakok, nem jatékfiiggo diakok és VR jatékfiiggok memdriaszine eltéré. [9], [35]

A memodriaszineket, mint kifejezést azon jél ismert targyak szineinek leirasara hasznaljuk, melyekre
valamilyen régi, vizudlis élmény alapjan visszaemlékeziink. A memoriaszinek nem a tiszta
szinemléket jelentik, amit szinmemoarianak hivunk, hanem ugy tekintik azokat, mint a mindennapi
életbdl jol ismert targyak egyéni szinemlékeit. Ezek a szinek a gyakori ismétlédé észlelésiik miatt
aranylag stabilizalddnak. Ezek olyan szinek, amiket nagyszamu szines minta alapjan valasztunk, ha
megkérjik az illet6t, hogy mutassa meg milyen az emberi arcszin vagy az ég kékje stb. Minden
embernek van gyakori vizudlis éiménye a mindennap latott emberekkel (b6rszin), targyakkal, vagy
tdjelemekkel (tajkép: ég, lomb, viz) kapcsolatban, melyek az ember emlékezetében az un.
memoriaszineket eredményezik. A kutatasbeli vizsgalathoz a megfigyelSknek egy, a hallgatéim altal
készitett szoftver segitségével fekete-fehér képeket kellett kiszinezni.

T8
72

64

4. dbra: A fii memdriaszine, dltaldnos iskoldsok (piros) L*=76, értelmileg akaddlyozott didkok
(z6ld) L*=72, jatékfiiggb egyetemsitak (kék) L*=19, nem jatékfiliggs egetemsitdk (sziirke) L*=64
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75 megfigyel6 hasznalta ezt a teszt szoftvert 4 csoportban: 20 atlagos altalanos iskolas gyermek (8-
9 éves), 10 értelmileg, tanuldsaban akadalyozott gyermek (9-15 év kozotti), 24 virtudlis jatékfliggd
egyetemi hallgato (atlagéletkor: 20 év) és 21 egyetemi hallgatd, akik ritkan vagy soha nem jatszanak
VR jatékkal (atlagéletkor: 20 év). A feladat képek kiszinezése volt a szoftverbe illesztett szinpaletta
segitségével és néhany kérdés megvalaszolasa. A kisérletet egy sotét szobaban végeztem egy
laptop segitségével, amelynek monitorat egy Eye-One készilék kalibralta. Minden megfigyel6nek
jé szinldtasa volt, Colourlite szinteszttel teszteltem &6ket. A megfigyel6k altal a kiszinezéshez
valaszott szinek adatbazisba keriiltek és onnan értékeltem ki az adatokat numerikusan.

94
71

E}' 86

5. dbra: Kaukdzusi bérszin memdriaszine dltaldnos iskoldsok (piros) L*=86, értelmileg
akaddlyozott didkok (z6ld) L*=71, jatékfiiggd egyetemsitdk (kék) L*=81, nem jatékfiiggd
egetemsitdk (sziirke) L*=94

. TEZISCSOPORT: Human Computer Interaction és akadalymentes WEB teriiletén:
Kutatast végeztem a weblapok akadalymentes tervezésére. Ezekhez ajanlast, tervezési mddszert
és tesztelési maddszert is javasoltam. [10], [11], [12], [13], [14], [30], [31],[36], [66]

II/1.  altézis: Méodszert javasoltam a WEB és a VR jatékok szinhelyes tervezésére, hogy a
szintévesztok szamara ne vesszen el informacié és akadalymentesen hasznalhassak azokat.
[15], [16], [40], [41], [57], [58]

Korabban nem taldltam olyan publikaciot, amely foglalkozna a rehabilitaciés jatékok szinének
tesztelésével, ezért elvégeztem a StrokeBack [116] projekthez tervezett rehabilitacids jatékok
szintévesztési tesztelését. Ebben a tesztelésben a vizsgdlat f6 témaja az volt, hogy a kilénb6z6
szintévesztéssel rendelkez6k hogyan érzékelik a jatékokat. A vizsgdalathoz 4 kiilonféle internetes
szintéveszt6-szimuldtort hasznaltam, ahol képeket lehet feltolteni tesztelésre (ASP.NET) [119],
(ETRE) [117], (Coblis) [118] és egy letolthet6 szoftvert, a ColorOracle-t (ColorOracle) [120]
hasznaltam, amellyel teszteltem a képernyén megjelené képeket, hogy megtudjam, hogyan néznek
ki ezek a kllonféle szinvtévesztéssel rendelkezd felhasznaldk szamara (deuteranopia, protanopia,
tritanopia). Tesztelésem eredményeként arra a kovetkeztetésre jutottam, hogy a helyes
szintervezés alapjan az objektumok jél lathatdak, tehat a szintéveszté betegek ugyanugy
gyakorolhatnak, mint az ép szinlatok.

A magyar egyetemek weboldalait vizsgaltam szinhelyességi szempontbdl a tézishez tartozd
masodik kutatdsban. Ennek a kutatasnak a f6 célja az volt, hogy megvalaszolja azt a kutatasi kérdést,
hogy a magyar egyetemek weboldalai elérheték-e azoknak a hallgatoknak, akiknek valamilyen
szintévesztési problémajuk van.

Harom tipusu vizsgalatot végeztem:
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automatikus tesztelés az AChecker automatikus tesztelével [121],

félautomatikus teszt: ot kilonféle szintéveszté szimulatorral, amelyek elérheték az
interneten, és ahol képeket lehet feltolteni ASP.NET [119], ETRE [117], Coblis [118],
valamint let6ltheté szoftverrel, a ColorOracle-lal [120], amellyel a megjelend képeket
tesztelhetjik a fejleszt6i szamitogép képernydjén. Az 6todik a SEE [122] webes alkalmazas
volt.

human tesztelés a Variantor [123] specidlis szemiiveggel, valamint kérdGiv
megvalaszolasaval.

A kutatds soran meghataroztam a magyarorszagi 64 felsGoktatdsi intézmény honlapjan eléforduld
leggyakoribb akadalymentességi problémakat a szinhelyes tervezés szempontjabdl. Az 1. tablazat
tartalmazza a WCAG 2.0 [109] irdnymutatasok alapjan ismert problémak szamat, amelyek szorosan
kapcsolédnak a weboldalak lathatésagahoz.

1. tdblazat: A WCAG 2.0 dltal az AChecker hasznalataval megdllapitott ,,known” hibak

szama
— Megfeleldségi Osszes El6fordult Atlag
Guidelines N , . . , legnagyobb . 9
kovetelmény szint hiba szam > . hibaszam
hibaszam
1.1.1 Non-text Content (Level A) 994 315 15.53
1.4.1 Use of Colour (Level A) 2 1 0.03
14.4 Resize text (Level AA) 579 77 9.05
1.4.6 Contrast (Enhanced) (Level AAA) 2164 440 33.81

A 6. dbra tervezési hibat mutat: zavard szinek. ,Informaciok a 2016/2017-es tavaszi félévi
allamvizsgardl és diplomavédésrél...” a fekete-fehér cimer jobb oldalan taldlhatd lila sz6veg nagyon
hasonlé a linkek kék szinéhez, azonban ez nem egy link. Ez a vilagos lila ugyanolyan lila, mint a
fémeni soranak hattere és az alatta Iév6 almeni szovege. A 7. abra mutatja, hogy mennyire zavard
az, hogy az ,Informacidk a 2016/2017-es tavaszi félévi dllamvizsgardl és diplomavédésrél” széveg
hivatkozasnak tlinik, bar nem link.

8 zarovizsga - Pannon Egy X 9 = o a8 %
« C | & Biztonsagos | https;//mik uni-pannon hufindex php/hu/cktatas/zarc s it anw MY I o
i Alkalmazasok i Bookmarks ol Get Bookmark Add-c & Frissites Mozilla Firefox  (® IFIPTCA3— IFIPTec: [ CFPRatUWE:about i EasyChair _? EPSSFPT:Login

SZERVEZET ~ FELVETELI v HALLGATOKNAK v OKTATAS v K+Ftl v TEHETSEGGONDOZAS v -

DOKTORI ISKOLA v
PROGRAMTERVEZO INFORMATIKUS B3C VILLAMOSMERNOKI BSC OGISZTIKAI MERNOK IVISC VIERNOKINFORMATIKUS MISC

E-KERESKEDELMI INFORMATIKA| RENDSZERTERVEZO NAGYVALLALATI INFORMATIKAI RENDSZERUZEMELTETO

OLAJIPARI ELLATASI LANC OPTIMALIZALAS FeLsGoKTATASI SZAKKEPZES

ZARGVIZSGA INFORMACIOK A 2016/17 TANEV TAVASZI FELEVEBEN

Informaciok a 2016/17 tavaszi fFelévi allamvizsgarol és diplomaveédésrol a Miszaki
Informatikai Karon

Szakdolgozat és Diplomamunka elkészitésének folyamata és hataridok a 2016/17 tanév
tavaszi félévében zarovizsgazoknak

Az oldal cookie-t hasznal a felhasznalGi éimeny javitasa érdekében. Elfogadasaval hozzajarul a cookie-k gydjté

crol bévebben: wik

Fitpsy/huwikipedia.org/wiki/HTTP-siti

1 HuN 1602 B

6. dbra: Az eredeti weboldal a ,,zdrdvizsga” informdciorol.
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8 zarovizsga - Pannon £y X T - 5 o«

« C | # Biztonsagos | hitpsy/mik.uni-pannon.hu/index php/hu/oktatas/zarovizsgal Q4% MY de

5% Alkalmazasok iy Bookmarks L@ Get B nark Add-c & Frissites Mozilla Firefox ) IFIP TC.13 — IFIP Tec! [ CFPR| "
= © SEE i (7) R
SZERVEZET ~ FELVETELI v HALLGATOKNAK v OKTATAS v K+F+lv TEHE] I

Eye conditions
DOKTORI ISKOLA ~
PROGHAMITRVEZD (MNEORM v | Retinitis pigmentosa v
| Diabetic retinopathy v
E-KERESKEDELMI INFORMATIKA| RENDSZERTERVEZO  NAGYVALLALATI INFORMATIKA! RENDSZERD
| Glaucoma v
Ovanpar! ELLATASI LANC oPTiIMALIZALAS  FeLsOokTaTAsI Szakképzes | Macuiar degeneration v

| cataract v

ZAROVIZSGA INFORMACIOK A 2016/17 TANEV TAVASZI FELEVEBEN Colour blindness
Protanomaly A
I“Fﬂmaﬁiék 2 201 6I17 tﬂ\lﬂszl' félévi iMingé'ﬁ Meore information about this condition on WikiPedia
InfFormatikai Karon
kdolgozat és Diple ka elkész K foly
tavaszi félévében zirévizsgazoknak | Deuteranomaly v

A . e | - . | Tritanomal v
Az oldal cookie-t hasznal a felhasznalsi éimény javitisa érdekében. Elfogadasaval hozzajarul a cookie-k | nomaly

= | Achromatopsy v

A B Z 4 ) HUN wu B
7. dbra: A ,zdrdévizsga” informdcidinak weboldala, ahogyan azt egy protandp felhaszndlé ldtja

A tesztelés eredményeként arra a kovetkeztetésre jutottam, hogy sajnos nem minden magyar
felsGoktatasi webhely mondhaté akadalymentesnek a szintévesztési tesztelés alapjan. Tehat azon
hallgatok vagy jov6beli hallgatdk, akiknek valamilyen szintévesztési porblémajuk van nem tudjak az
informacidt ugyanolyan ,egyszer(i” mddon megtalalni, mint az ép szinlaték. Azt javaslom, hogy a
web-tervez6k olyan weboldalakat hozzanak létre, ahol nemcsak a szinek szolgaltatnak
informacidkat. Ez azt jelenti, hogy a weboldalakon bizonyos mintak vagy nagymértékd kontraszt

lenne hatékony a szovegek, gombok és linkek konny(i lathatosagahoz.

Ezzel a kutatdssal szerettem volna felhivni az informatikusokat a hidanyossagokra, hogy a jévében
javitsak az oktatassal kapcsolatos szamitégépes jatékok és a weboldalak szolgaltatasainak
szinvonalat. Ebben az esetben a szintévesztéssel rendelkez6 felhasznaldk és hallgatdk a jovében
gond nélkil hasznalhatjak a szamitdgépes jatékokat és a magyar egyetemek weboldalait.

II/2.  altézis: Tesztelések alapjan meghataroztam a WEB akadalymentességi ajanlasok
minimalis 12 pontbdl all6 szempontrendszerét. Tovabba kidolgoztam egy szakértGi kérdGivet a
weboldalak tesztelésére. [4], [17], [37], [38], [54], [57], [58], [60]

A kutatas elsé fazisaban riportot készitettem specialis felhasznaldkkal, majd két szoftver (validator)
segitségével késziltek a vizsgalatok 12 orszadg (Amerikai Egyesiilt Allamok, Anglia, Ausztria,
Franciaorszag, Japan, Lengyelorszag, Magyarorszag, Németorszag. Norvégia, Peru, Svdjc, Szlovakia)
kb. 500 weblapjat tesztelve. Az egyik validator a WebXACT [124], a masik a XValid [17], [125] volt.
Ezek segitségével 15 kategdridban: kormanyzati, oktatasi, kereskedelmi, internetes vasarlasi,
egészséglgyi, Ujsagok, TV csatornak, menetrendek, bankok, szabadid6, muzeumok, segit6
technoldgia, tudomanyos, chat oldalak és sport hirek weblapjai keriltek vizsgélat ala. Az igy gy(ijtott
adatokbdl atfogd statisztikat készitettem, nemcsak orszagonként, hanem Eurépdra és Eurdépdn
kivlli orszagokra és a 15 kategdridra vonatkozdan is.

A statisztika alapjan megallapitottam a leggyakrabban el6fordulé hibdkat, melyek az ajanlasaim
alapjat képezik. Az 6sszes vizsgalt weblap hibainak statisztikai elemzése utdn az 50%-os hibahatar
feletti hibajelzésekre és figyelmeztetésekre koncentraltam. Megnéztem, hogy melyek ezek a
hibalizenetek, és ennek alapjan fogalmaztam meg konkrét technikai (nem szubjektiv) ajanlasokat.
A kovetkez6 10 pontos ajanldsrendszer (ami konkrétabb, mint a WCAG 1.0 [108] illetve WCAG 2.0
[109]) figyelembevételével a vizsgalt weblapok minimum 50%-a akadalymentes lenne. Ezek
betartasa koltséghatékony és kevés raforditott id6t igényel.

A kutatds masodik fazisaban Uj méréseket végeztem. A vizsgalatok elsédleges célja az volt, hogy
kilenc eurdpai orszagban megvizsgaljam az egészséglgyi ellatassal kapcsolatos webhelyeket és

150



dc_1841 20

azok akadalymentességét felmérjem. llyen részletes statisztikai 6sszehasonlitast Eurépaban még
nem végeztek, f6leg mivel ezen kutatas kettGs mérési rendszert kinal, amely kombinélja az
automatizalt tesztelG szoftver alkalmazasat és a felhasznaldi visszajelzések statisztikai elemzését. A
kutatdsban 48 kelet-eurdpai webhelyet hasonlitottam 0Ossze 51 nyugati és észak-eurdpai
webhellyel. A kutatasi fazis harom lépésben tortént, egyrészt az AChecker [121] hasznalataval,
masrészt a Nibbler [126] segitségével, majd ezt kovet6en szakért6i csoport altal kiértékelt
felhasznaldi visszajelzési kérddivek segitségével. Ezen kutatds célja az volt, hogy meghatadrozza a
leggyakoribb akadalymentességi problémakat és felhivja a webhelyek tulajdonosanak figyelmét a
hidnyossagokra annak érdekében, hogy a jov6ben javitsdk az egészségligyi ellatassal kapcsolatos
internetes oldalak szolgéltatdasanak min&ségét. Két tovabbi ponttal bévitettem az el6z6 10 pontos
ajanldsomat.

i Minden nem széveges elemhez (pl. képhez) adjunk meg rovid leirast; ha a révid szoveges

leiras nem tudja visszaadni az eredeti informaciét, akkor hosszu leirdst adjunk meg!

ii.  Abszolut helyett relativ méretezést és pozicionalast hasznaljunk!

iii. Az oldal informacidtartalma az egér hasznalata nélkil is legyen elérheté (ne JavaScript-es
eseménykezel6ktdl/modalis ablakoktdl fiiggjon a tartalom megjelenitése)!

iv. Az (rlapelemek leirasa <label> tagekkel térténjen, és ahol ez nem lehetséges, hasznaljuk
a ,title” attributumot!

v. A hivatkozasok szovegei szovegkornyezettdl fliggetleniil legyenek érthet6k!

vi. A <html> elem rendelkezzen ,lang” attribitummal a széveg elsGdleges nyelvének
azonositasara, valamint ,,dir” attribiutummal a szoveg irasi irdnyanak meghatarozasara!

vii. Minden <table> elemnek legyen ,,summary” attribituma, amely leirja a tabla strukturajat
és tartalmat!

viii. Az egymas mellett szerepl6 linkek k6zott mindig legyen valamilyen elvalaszté karakter!
iX. Ellendrizziik, hogy a weblapok <title> eleme valéban azonositja-e az adott lapot, utal-e a
tartalomral!
X. A html elemek legyenek korrektiil lezarva, hogy a segité technoldgiaknak ne kelljen
inkonzisztens szerkezetek javitasaval foglalkozniuk!
xi. Minden webhelyet reszponszivva kell tenni, hogy barmilyen eszk6z6n vagy platformon
optimalisan jelenjen meg, a képernyé méretétdl fiiggetleniil.

xii.  Teszteljen valddi felhasznaldkkal! Vonja be a fogyatékossaggal éloket a kutatasi, tervezési
és fejlesztési folyamatba. Ez magaban foglalja a kiilonb6z26 fogyatékossaggal él6 emberek
bevonasat a kovetkezGk segitségével:

¢ fokuszcsoportok,
¢ hasznalhatdsag tesztek,
® a tervez6 és kutatdécsoport.

I1/3.  altézis: Megcafoltam Goodwin és munkatarsai azon tézisét [127], hogy minél gazdagabb
egy orszag (egy fére jutdé GNI), annal kevesebb akadaly jelenik meg webhelyein és minél nagyobb
a weboldal mérete Kbyte-ban, annal tobb akadaly jelenik meg az oldalon. Tehdat megmutattam,
hogy az akaddlymentesen hozzaférhet6 weboldalak kialakitasa fliggetlen a gazdasagi helyzettdl
és a weboldalak méretétdl, valamint a demografiai igényektdl is. [4]

A fenti kutatasban a vizsgalt eurépai webhelyek kelet eurdpai és észak-nyugat eurdpai orszagokba
lettek csoportositva. Az eredmények kilonféle szemszogbd6l lettek Osszehasonlitva és
megmutattam, hogy a két csoport kézott nem lehet szignifikdns kilonbséget megallapitani a
gazdasagi helyzetiikre alapozva. Ugyanigy nem figyelhet6 meg korrelacié a weboldalak méretének
kilobdjtban, az akadalyok szamaval tortén6 Osszehasonlitdsakor. Tovabbd, nincs szignifikans
korreldcié a szoftver tesztek eredményei és az id6s emberek aranya kozott az adott orszdgban.

A 8. és 9. abra azt mutatja, hogy az AChecker teszt esetén a nagyobb méret nem jelent
tendencidjaban tobb hibat. A korreldcids egyltthatod becsilt értéke 0,027, ez nagyon kozel all a O-
hoz. A préba soran szamolt p-value értéke 0,791, ezért elfogadjuk azt a hipotézist, hogy ezek a
mennyiségek nem korreladlnak. Ez az eredmény ellentétes azzal, amit Goodwin et al. [127] allitott.
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AChecker Known Problems — Web Page Size
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8. dbra: Az AChecker dltal ismert értékek box-plot diagramja a weboldalméret fliggvényében
(nagy, kézepes, kicsi)

AChecker Known Problems — Web Page Size
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9. dbra: Az AChecker ismert értékeinek diagramja a weblap méretének fliggvényében (Kbyte-ban)

A 10. abra mutatja az AChecker altal ismert, az egy f6re jutd GNI fliggvényében ismertetett hibak
szamat. A korrelacidés egyltthatd becsiilt értéke szerint -0,097, tehat a flggetlenség 0,169
szignifikanciaszinten elfogadhaté.

AChecker Known Problems — GNI Per Capita ATLAS
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10. dbra: Az AChecker dltal ismert problémak box-plot diagramja az egy fére juto GNI
fliggvényében
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1. TEZISCSOPORT: Egyetemes tervezés az egészségiigyi informatika teriiletén: Kutatast
végeztem mind a multimédias, mind VR jatékok akadalymentes tervezésére. Ezekhez ajanlast,

tervezési modszert és tesztelési modszert is javasoltam. Az el6z6 téziscsoport ajanlasai alapjan
bebizonyitottam, hogy lehet akadalymentes weboldalt létrehozni.

/1. altézis: Megalkottam a készségfejleszt6 és rehabilitacis céli multimédias és VR jatékok
a felhasznaloi igényeknek megfelel6 személyre szabhatésaganak tervezési kovetelményeit és
tesztelési modszerét. [2], [15], [18-24], [39], [44-53]

Az elmult két évtizedbeli jatékfejlesztéseknél és a GOET [128] projekt keretében lehetGséglink volt
tobb multimédias és VR jatékot fejleszteni értelmileg akadalyozott fiatalok 6nallé életvitelének
segitésére. A jatékok fejlesztéséhez elGszor fel kellett mérni a felhaszndldi igényeket, mind
pedagdgia szempontbdl, mind a felhasznaloi fellilet tervezése szempontjabdl is. A t6bbszoros
tesztelések soran alkottam meg tesztelési szempontrendszeremet. A GOET projektben pedagdgiai
teszteléseket nemcsak Magyarorszagon, hanem a partnerorszagokban (Anglia, Belgium, Litvania) is
elvégeztik. Az értelmileg akaddlyozott didkoknak 6 héten at hetente kétszer kellett minimum 20
percet jatszaniuk a szoftverekkel. A hasznalhatdsagi (usability) vizsgalathoz pedig human kérdGivet
készitettem, ami 40 kérdést tartalmazott. Ezt a specialis iskoldk, oktatdi, sziil6i csoportok és
szakért6k toltotték ki azon iskolakban, amelyekben a pedagdgiai vizsgdlatok is késziiltek. A GOET
projektben [128] elért kutatdsi eredmények jol haszalhatdak voltak az ISG4Competence projektben
[129] is.

2004-t6l kezdve fejlesztettlink tobb projekt keretében rehabilitacids szoftvereket stroke
pacienseknek. Majd a StrokeBack [116] projekt keretében tobb VR és multimédia alapu jatékot,
motivacids és tanitd animaciot fejlesztettiink. Ezek Iétrehozdsdhoz nemcsak a terapeutdk, hanem
a paciensek specialis igényeit és képességeit is figyelembe kellett venni. A telemedicina rendszer
szamara készitett rehabilitacidés jatékok fejlesztése alapjan rajottem, hogy a hagyomanyos
szoftverfejlesztési modellek nem alkalmazhatdk. Ezért Uj szoftverfejlesztési mddszert hoztam létre
a betegek és a terapeutak igényeit figyelembe véve, végil a kovetkezé kovetelményrendszert
hoztam létre:

o Funkcionalis kovetelmények:

O apontozasi renszer ne legyen negativ, motivalja a pdcienst,

o oktaté animacidk mutassak be a gyakoroltatni kivant mozgdst minden egyes jaték
el6tt,

o a gyakoroltatni kivant feladatrél és mozgdsrél a visszajelzés teljesen vildgos és
egyértelmd legyen,

o ajatékokban lehessen tébb téma kozil valasztani,

minden egyes jaték utan a témdahoz tartozé motivaciés animacio fusson,

o palyaszerkeszt6 segitségével lehessen személyre szabni a jatékot.

(0]

¢ Nem-funkcionalis kovetelmények:

o minden jaték egy keretrendszerben fusson, ami bévithetd legyen,

a jatékok strukturajukban és stilusukban passzoljanak egymashoz,

o a korabban megirt elemeket fel lehessen haszndlni a keretrednszerben a
redundancia elkeriilésére.

(0]

lll/2. altézis: Bebizonyitottam, hogy az akadalymentességi tervezési ajanlasaim alapjan
létrehozhatdé egészséggel foglalkozé akadalymentes weboldal, tovdbba az ilyen weblapok
hasznalata segiti az 4poléi munkafolyamatot, a hatékonysdagot és a paciensek oktatdsat. [29]
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A webhelyeknek a betegek oktatasara torténd hasznalata egyre gyakoribb. Bebizonyosodott, hogy
a megfelelGen végrehajtott és hatékony preoperativ paciens oktatasi beavatkozas elényei javitjak
a mitéten atesett betegek pszicholdgiai és fizikai jolétét. E kisérleti tanulmany célja az volt, hogy
meghatarozzuk egy weboldal hasznalhatdsagat, hasznossagat és megvaldsithatdsagat, amelyet
azért hoztunk létre, hogy noveljik a betegek elkotelezettségét és javitsuk a preoperativ oktatas
szinvonaldt a csip6- és térdprotézis miitét el6készitése soran. Nyolcvan 40 és 65 év kozotti beteg
vett részt a felmérésben, ezek koziil 52,5% volt n6, 71,25% -ot térdpdtlas, 28,75% -ot csipSpotlas
miatt operaltak. Negyven beteg véletlenszerlien kerilt be a papir alapu oktatasi csoportba, a tobbi
40 pedig a papir és a weboldal alapu oktatasi csoportba. Mindegyik csoportbdl azonban csak 19 6
vett részt a kérdbives vizsgdlatban. A felmérésben szerepeltek a betegek ismeretére, az oktatasi
anyaggal kapcsolatos elégedettségére, hasznossagdra és haszndlhatdsagara vonatkozo kérdések és
azok kiértékelésének kvalitativ adatai, amelyeket a Perceived Health Website Usability
Questionnaire online felmérés alapjan lettek kiértékelve. A papir alapu felmérés tiz kérdést
tartalmazott egy 7-pontos Likert skaldn, mig a web-alapu felmérés tizennégy kérdést tartalmazott
ugyanazon a 7 pontos Likert-skaldn. Leird statisztikakat és fliggetlen mintak t-prébait hasznaltuk a
szokdsos papiralapu oktatasi és weboldal-oktatasi csoportok Osszehasonlité elemzéséhez. Az
eredmények kiszamitasahoz a Microsoft Excel adatelemzd eszkozt alkalmaztuk. A szignifikancia
szintet 0,05-re allitottuk a kiértékeléseknél. A vizsgalat eredménye nem mutatott statisztikailag
szignifikans kilonbséget mindkét csoportban a 0,05 szintnél. Az dpoldszemélyzetre vonatkozd
felmérés eredményei szerint a weboldal hasznalata javitotta az apoldéi munkafolyamatot, a
hatékonysagot és a betegek oktatasat.

A 11. abra szemlélteti a vizsgalatban hasznalt weboldal akadalymentességi tesztelését az AChecker
[121] hasznalataval.

Web Accessibility Checker

€ web Accessibility Chech

{Check A ibility By:

HTML File Upload Paste HTML Markup

Address: | https:/www jointsurgeryeducation.info/

Check It

» Options
|Accessibility Review |
Export Format: [ POF v | Report to Export: | Al v ] [GetFile
Accessibility Review (Guideli WCAG 2.0 (Level AAA))
Known Problems(0) WEIEI (1) i (91) HTML Validation CSS Validation

@ Congratulations! No known problems.

»

11. abra: Az AChecker automatizdlt teszt eszk6z haszndlatanak képernyéképe

IV Az eredmények alkalmazasa

Kutatasomban arra torekedtem, hogy eddig megoldatlan vagy Ujonnan felmerilé problémakat,
kérdéseket vizsgdljak és javaslatokat tegyek azok megoldasara.

Programtervez6 matematikusként mindig érdekelt, hogy az &ltalam készitett szoftver vajon
mennyire haszndlhaté masok szamara. Ebbe nemcsak a funkcidkat értem, hanem a felhasznaloi
interfész tervezését is. Kozben Schanda Janos professzor ur irdnyitasaval sok mindent megtanultam
a szinekrdl és elkezdtek érdekelni a szintani kutatasok. Arra is rajottem, hogy a specialis felhasznaldi
csoportoknak kezdetekben alig fejlesztettek szamukra hasznalhaté szoftvereket, igy érdekl6désem
kib6viilt az akadalymentes tervezés teriiletével.
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Tudomanyos hozzdjarulasaim elsésorban a kovetkez6kben felsoroldsra kerilé nemzetkozi, az
Eurépai Unid 4altal finanszirozott projekteket érintették, melyek mindegyikének hazai
projektvezetdje voltam.

A “Colour Research for European Advanced Technology Employment” CREATE (MSCF-CT-2006-
045963) projekt [130] elsGsorban a jov6é szakembereinek, kutatéinak a szintan teriiletén térténd
képzését, tovabbképzését szolgalta mind az alapképzés, mind a PhD képzés teriletén. Ebben a
projektben tébbszor tartottam a félévente Eurdpa kilénb6z6 orszagaiban megrendezésre kerilé
képzéseken elGadasokat. A pojekt zarasa utan szamos szakkonyv sziletett, melyet Eurdpa
kilénboz6 egyetemein hasznalnak a szintan oktatdsaban. Hozzajaruldasom konkrétan az 1/1., 1/2. és
a ll/1. tézisekben részletesen ismertettem, kutatdsi eredményeim lényeges szerepet kaptak azon
konyvekben, melyekbe a konyvek szerkeszt6i meghivtak. [56-59]

A “Design for All for elnclusion” DfA@elnclusion 033838 projektben [131] tobb munkacsoportban
is aktivan dolgoztam. A 11/1. tézisben és a 11/2. tézis els6 kutatdsaban részletesen megtalalhatdoak
azok a tudomanyos eredmények, melyek itt hasznosultak, elsésorban a ,,Standaradisation” és a
»Technological Development” munkacsomagokban. Ennek a projektnek nemcsak a hazai
témavezetbje voltam, hanem a 23 orszag részvételével megvaldsuld nemzetkozi pojekt utolsd
évében a koordinatora is. Ezen eréfeszités eredményeként szlletett meg az altalam szerkesztett
konyv is ,Principles and Practice in Europe for e-Accessiblity” cimmel disszemindcids
tevékenységként. [70]

A DfA projekttel parhuzamosan hazai témavezetéként dolgoztam a web_access “Joint Programme
on Accessible Web Design” (133818-LLP-1-2007-1-AT-ERASMUS-ECDEM) projektben [132]. A
projekt keretén belll 5 nyugat-eurépai egyetemmel kozésen kidolgoztunk egy 120 kredites
Blended-learning képzést az akaddlymentes webtervezés és segité technoldgiai oktatas
elGsegitésére. Ebben a projektben is felhasznalasra keriltek a 11/2. tézisem els§ kutatasaban
részletesen leirt eredmények. A nemzetkozi projekt zardsa utdn a Pannon Egyetem szamara
kidolgoztam a 60 kredites , Akadalymentes webtervez6” és az ugyancsak 60 kredites ,Segit6
technoldgiai” szakmérndk szakokat, melyeket sikresen akreditaltak.

Nem lehet kell6képpen hangsulyozni, mennyire fontos, hogy az eredmények jelent6s része
folyamatosan hasznosult és hasznosul a gyakorlatban. A kutatdasaim eremdényeként szamos, az
egyetemi hallgatdi kutatécsoportommal kozos fejlesztésiink is késziilt (GOET, StrokeBack,
ISG4Competence projektek) [128], [116], [129], ezeket a projektek keretében résztvevé
partnereink hasznaljdk hazankon kivil Eurdpa 9 orszagdban. Mindezen fejlesztések a
disszertacioban részletesen ismertetett 11l/1. tézisen alapultak.

Ugyancsak a lll/1.tézis alapjan sziletett publikacidk eredményeképpen hivtak meg a LUDI - TD COST
Action TD1309 — ,,Play for Children with Disabilities” nemzetkdzi konzorciumba [133]. A tavaly
zarult nemzetkozi projektben Management Committee tag is voltam. A projekt soran kdzvetlendl
hasznosultak az1/1. az 1/2. és alll/1. tézisbeli eredményeim. Ezen nemzetkdzi projektemet az akkori
PhD hallgatémmal kézdsen irt ,,Play for children with disabilities: some reflections on the results on
the users’ needs and on the role of technologies” cim{ kényvfejezettel zartam. [67]

A l1l/2 tézis pedig még jobban alatamasztja a ll/1. és 11/2. tézisben elért kutatasi eredményeimet. A
I11/2. tézisbeli allitast egy baltimori (USA) kézkdrhaz egészségligyi személyzete és paciensei altal
kitoltott kérdGiv statiszikai elemzése is igazolja. [29]

A jelen disszertacié benyujtasanak idején indulé nemzetkozi projektben is nemcsak hazai
projektvezet§, hanem Management Committee tag vagyok: (COST CA19104) , Advancing Social
inclusion through Technology and Empowerment”. [134] Ezen témateriilet is jelent6s atfedésben
van mind a szintan, mind az akadalymentes tervezésbeli kutatdasaimmal.
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Mind a szintervezés, mind az akaddlymentes tervezés teriletén olyan Uj eredményeket értem el,
amikre szdmos hivatkozast kaptam. A tézisek jol haszndlhatok akadalymentes multimédias és VR
jatékok tervezéséhez és teszteléséhez, valamint akadalymentes honlapok készitéséhez és usability
teszteléséhez.

A kutatdsaim jol hasznalhaték az oktatasban is. Az eredményeimet tekintve szamos alkalommal
voltam meghivott el6add nemzetkozi konferencidkon. Kilénésen fontos, hogy kutatdsaimat
nemzetkozileg elismerik, ezért is rendezhettem meg az Association for the Advancement of
Assistive Technology in Europe (AAATE) [135] konferenciat 2015-ben Magyarorszagon, és jelenleg
is szamtalan felkérést kapok nemzetkozi palyazatok és folydirat cikkek biralatara.

Vv Egyetemi oktatdi és publikacids munkak

Az els6sorban a Pannon Egyetemhez két6d6 kutatdi és oktatdi tevékenységem mellett meghivott
el6ado voltam a Pazmany Péter Katolikus Egyetem (PPKE) Informacios Technoldgiai és Bionikai
Karan, ahol a ,Felhasznaldi interfészek tervezése” tantargyban tartottam orakat szakmérnok
képzésen. Rendszeres meghivott el6addja vagyok a Budapesti M(iszaki és Gazdasagtudomanyi
Egyetem és az Obudai Egyetem rehabilitaciés mérnok szakképzésében.

Habilitacids palydazatomat a Pannon Egyetemen védtem meg 2017-ben.

Oktatdi tevékyenységem alatt 3 Ph.D., 111 M.Sc., 93 B.Sc., 53 TDK dolgozat és 14 Innovacids
verseny pdlyamunka témavezetdje voltam. Egyetemi és doktori hallgatéim szamos dijat nyertek.

1998-t6l 10 éven at titkdra voltam Magyar Tudomanyos Akadémia Veszprémi Terlleti
Bizottsdgdnak Alkalmazott Fény- és Szintani Munkabizottsaganak, valamint rendszeres el6addja
voltam a bizottsag 4ltal szerevezett workshopoknak, konferencidaknak.

2009-ben megalapitottam a Neumann Janos Szamitdégéptudomanyi Tarsasag (NJSZT) ,Human-
Computer Interaction & Design for All” Szakosztalyat, melynek elnéke voltam 10 évig, majd
atadtam az elndkséget végzett doktorandusz hallgatdmnak, azéta a szakosztaly alelndoke vagyok.
Szakmai tandcsaddja vagyok az NJSZT ,Multimédia az Oktatasban” Szakosztalynak. Valamint aktiv
tagja vagyok az NISZT ,Orvos-biolégiai” Szakosztalydnak. Mindharom szakosztaly altal
megrendezett konferencidknak évenkénti rendszeres el6addja vagyok. Publikcidim szorosan
kapcsolddnak a bemutatott téziseimhez.

Vi K6szonetnyilvanitas

Kilonosen halaval tartozom tLiszi Janos professzor urnak, aki az elsé doktorim témavezetéije volt.
Koszondm TDr. Vass Jozsef volt tanszékvez6mnek, aki megbizott azzal, hogy multimédiaval
foglalkozzam. Végtelen hala illeti TSchanda Janos professzor urat, akitél a szintani kutatasokhoz
sziikséges ismereteket tanulhattam és akinek a laboratoriumaban dolgozhattam majdnem két
évtizedig. Halas vagyok azért a kutatdi szabadsagért, amit szamomra biztositott.

Koszondm munkatarsaim, kollégadim tdmogatasat, kilondsen Dr. Mihalykéné Dr. Orban Eva
statisztikai szamitasokban adott szakmai tanacsait.

Kbsszonet illeti a témavezetett B.Sc., M.Sc. hallgatdéimat szorgalmas munkajukért és koszonom a
szakdolgozatuk, diplomamunkajuk keretében készitett szoftvereket. Kiilon kdszonom a Ph.D.
hallgatéim munk3jat.

Nagy halaval tartozom a magyarorszagi specialis iskoldk gyégypedagdgusainak és a rehabilitacios
intézetek szakembereinek hasznos tanacsaikért. Nagyon sokat tanultam télik. Minderre a tudasra
a mai napig tdmaszkodhatom egy-egy Ujabb szoftver tervezésekor.
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Halas vagyok a kilonb6z8 kutatasi feladatokat tdmogatd Eurdpai Unids projektek keretében
megismert kutatdoknak, oktatéknak. Ezdton is készéndm Pier Luigi Emiliani emeritus professzornak,
az Institute of Applied Physics “Nello Carrara” (IFAC) volt igazgatdjanak, hogy életem elsé FP6-0s
projektjébe meghivott a publikaciéim alapjan. K6szondm az utdbbi évek kdzos orvosinformatikai
kutatdsait Dr. Kelemen Arpadnak a Unversity of Mariland egyetem professzoranak.

A disszertacidban bemutatott munkat a Pannon Egyetemen tul nemcsak a 4. fejezetben részletezett
kiilonboz6 projektek tdmogattak, hanem az akadalymentességi kutatashoz kiilonésen hozzajarult
a King Salman Center for Disability Research [136] altal adomanyozott “King Salman Award for
Disability Research” dij. Ezenkivil koszondm az Association for the Advancement of Assistive
Technology in Europe nemzetkozi szervezet altal adomanyozott “AAATE-Diamond-Award” dijat,
mely erkdlcsi tdmogatast biztositott.

Végtelenil halds vagyok az egész csaladomnak, férjemnek, gyerekeimnek és csalddjaiknak, hogy
tirelmesek voltak és minden lehetséges mdédon tdmogattak.

,Ugy érezziik, hogy amit tesziink, csak csepp a tengerben.
Anélkil a csepp nélkiil azonban sekélyebb volna a tenger.”
Teréz Anya
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Appendix C

Author’s contribution

This appendix contains a table. This table is the detailed lists of the publications where my
contribution of this dissertation is clearly indicated.

Thesis publication | number and position | my contribution | type of
group number of co-authors o publication
number
I 9 0 100 % journal
34 1 professor >75% conference
2 B.Sc. students proceedings
35 0 100 % conference
proceedings
56 0 100 % book chapter
57 0 100 % book chapter
58 0 100 % book chapter
59 0 100 % book chapter
II 4 1 associate professor | >75 % journal
15 1 senior lecturer >80 % journal

1 technical assistant

1 Ph.D. student

16 1 Ph.D. student >90 % journal

17 2 B.Sc. students >75 % journal

37 3 B.Sc. students >75% conference
proceedings

38 2 B.Sc. students >80 % conference
proceedings
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40 3 M.Sc. students >70 % conference
proceedings
41 0 100 % conference
proceedings
54 0 100 % conference
proceedings
57 0 100 % book chapter
58 0 100 % book chapter
60 0 100 % book chapter
11T 2 3 M.Sc. students >80 % journal
15 1 senior lecturer >80 % journal
1 technical assistant
1 Ph.D. student
18 1 psychologist >50% journal
2 M.Sc. students
19 4 M.Sc. students >T75 % journal
20 2 M.Sc. students >80 % journal
21 1 Neurolinguistics >75 % journal
2 M.Sc. students
22 2 professors >80 % journal
2 technical assistants
23 2 engineers  with | >50 % journal
Ph.D..
24 1 Ph.D. student >90 % journal
29 2 professors >50 % journal
2 M.Sc. students
39 1 psychologist >80 % journal
3 M.Sc. students
44 3 M.Sc. students >80 % conference
proceedings
45 1 Ph.D. student >80 % conference
proceedings

1 M.Sc. student

1 technical assistant
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46 1 professor >80 % conference
1 Ph.D. student proceedings
4 technical assistants
47 1 Ph.D. student >80 % conference
1 B.Sc. student proceedings
48 2 professors >60 % conference
1 associate professor proceedings
3 Ph.D. students
2 technical assistants
49 2 professors >50 % conference
1 M.Sc. students proceedings
1 B.Sc. students
50 2 professors >T70 % conference
4 M.Sc. students proceedings
3 B.Sc. students
51 2 B.Sc. students >90 % conference
proceedings
52 2 B.Sc. students >90 % conference
proceedings
53 2 professors >T70 % conference
proceedings

4 M.Sc. students
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