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UMEA UNIVERSITY

Abstract

Master of Science in Interaction Technology and Design
Customizing WCAG 2.1 for In-Flight Entertainment Systems

by Hakan Lindahl

Entertainment on airplanes has increased in later years and is a signif-
icant part of the flight experience. In-flight Entertainment (IFE) can
consist of many different types of entertainment such as movies, music,
live-tv, and games. Recently, the attention to making accessible websites
has also increased. WCAG is a set of guidelines for creating accessible
web pages. The target devices for WCAG are computers, laptops, and
mobile phones.

This thesis aims to customize the guidelines and success criteria in
WCAG to increase their utilization when applied in an IFE system.
Additionally, this thesis focuses on finding differences in accessibility for
IFE systems and websites.

The procedure to customize WCAG was done through literature and
case studies. The data gathered from these two methods were used to-
gether to customize the guidelines and success criteria. The case study
was done on people working with the development of IFE systems. Fol-
lowing the customization of WCAG, a comparison was made in a specific
scenario between the customized guidelines and WCAG.

The study showed that customization of some guidelines and success
criteria in WCAG was necessary if WCAG was applied in an IFE sys-
tem. However, the results also showed that most guidelines and success
criteria can be used in an IFE system without changes. The customized
guidelines are called IFCAG - In-Flight Content Accessibility Guidelines.

To conclude, the guidelines and success criteria in IFCAG should work
better than WCAG when applied in the development of an IFE system.
However, this cannot be determined before IFCAG is applied during an
actual development of an IFE system. Furthermore, WCAG consists of
a large ecosystem of additional supporting documents. Future research
could also look at these documents with IFE systems in mind.

Index terms: In-flight entertainment, WCAG, WCAG 2.1, accessibil-
ity, IFE
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Sammanfatining

Master of Science in Interaction Technology and Design
Customizing WCAG 2.1 for In-Flight Entertainment Systems

av Hakan Lindahl

Underhallning pa flygplan har 6kat under de senaste aren och &r en stor
del av upplevelsen ndr man flyger. In-flight Entertainment (IFE) kan
bestd av manga olika typer av underhéllning sdsom filmer, musik, live-tv
och spel. P& senare ar har dven fokuset pa att producera tillgdngliga
webbsidor 6kat. WCAG é&r en samling av riktlinjer for att skapa tillgdngliga
webbsidor som dr anpassat for stationdra datorer, barbara datorer och
mobiler.

Denna uppsats fokuserar pa att att anpassa riktlinjerna och kriterierna
i WCAG sa att nyttan av dom 6kar ndr de anvinds i ett IFE system.
Dessutom ligger fokus dven pa att hitta skillnader i tillgénglighet mellan
IFE system och webbsidor.

Metoden for att anpassa WCAG gjordes genom en litteraturstudie och
en fallstudie. Datan som samlades in genom dessa tva metoder anvindes
tillsammans for att anpassa riktlinjerna och kriterierna. Fallstudien
utfordes pa personer som jobbar med utvecklingen av IFE system. Efter
anpassningen av WCAG gjordes en jamforelse mellan WCAG och de an-
passade riktlinjerna pa ett specifikt scenario.

Resultatet av studien visade att en anpassning av vissa delar i WCAG
var nédvéandig om WCAG skulle kunna anvéndas i ett IFE system. Dock
visade dven resultatet att de flesta av riktlinjerna och kriterierna kan
anvindas i ett IFE system utan nagra fordndringar. De anpassade rik-
tlinjerna kallas IFCAG - In-Flight Content Acessibility Guidelines.

Sammanfattningsvis, riktlinjerna och kriterierna in IFCAG borde fungera
béttre &n WCAG nér de appliceras i utvecklingen av ett IFE system.
Detta kan dock inte fastlas fullstandigt férrdn IFCAG anvinds under ett
riktigt utvecklingsprojeckt for ett IFE system. Dessutom sd har WCAG
en stor samling av ytterligare tillhérande dokument. Framtida studier
skulle kunna titta pa om dessa dokument ocksa behéver anpassas for att
fungera med ett IFE system.

Index terms: In-flight entertainment, WCAG, WCAG 2.1, accessibil-
ity, IFE
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Chapter 1

Introduction

Accessibility in technology is defined as the successful utilization of technology by
people with some disability at a desired time and without the need to adjust [26].
This can be achieved through alternative input/output programs or devices such as
screen readers, speech recognition, and different keyboards or controllers. Accessi-
ble technology ensures access to the programs’ or devices’ user interface (UI) and
content. Programs and devices that are developed with accessibility in mind reach
a market that often is neglected. People with disabilities only occupy a limited par-
tition of the general population. Still, if an essential program or device is accessible,
it will appeal to many people with disabilities.

Moreover, accessible technology improves usability for the whole user base of a
program or device and may also help other groups from a broader perspective. One
example is that screen readers made primarily for blind people can also assist people
with dyslexia to easier understand written text. Different solutions and technologies
that help people with disabilities to access web content and programs have existed
for many years, but these solutions are still not common practice [27, p.17-27].
Even though the awareness of accessibility is high and continuously rising, many
websites still do not ensure access for everyone when the website is dynamic and
interactive [7]. Furthermore, there are guidelines on how to ensure accessibility for
web content.

WCAG 2.1, which consists of guidelines for accessibility, was released in 2021 and ex-
tends WCAG 2.0. The guidelines address web content on desktops, laptops, tablets,
and mobile devices. The guidelines are designed to improve accessibility for a wide
range of people with disabilities such as blindness, low vision, deafness, and lim-
ited movement. All of the criteria in WCAG 2.1 can be achieved regardless of the
technology used in the development. The statements are testable so developers can
incorporate them into their workflows [22].

In recent years, attention to WCAG has increased in many areas, and WCAG is
progressively incorporated into development workflows. This is because of new laws
and increased awareness in the development sector. An example of this are new laws
in the EU and the US that force governments, municipalities, and private companies
to develop accessible solutions for the public. [10,|13]. Still, there are many areas
where the development of accessibility in systems is not a part of the usual process.
One example is airplane entertainment, called In-flight entertainment (IFE) systems.
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An IFE system is a term that describes the individual screens for every person on a
flight. This screen is often placed on the back of the chair in front of the passenger.
IFE systems were developed to ensure passengers were not bored during the flights.
Today they are essential to keep passengers happy and satisfied with the airline and
consequently increase passenger retention [2]. IFE systems and other devices such as
desktops, laptops, tablets, and mobile devices have some similarities. They all have
a screen and can show multimedia content on the screen. However, IFE systems
have some fundamental differences compared to the other devices. These differences
are listed in Table Il

Table 1 Differences between IFE systems and other screen devices

The IFE screen is always in the same place on the seat

The IFE screen cannot be rotated

The IFE screen has a predetermined layout and predetermined con-
tent

The IFE screen cannot be resized

All IFE screens in a chosen class have the same size

(G20 w N =

In-flight entertainment is very commonly used on flights worldwide, and a large
portion of people have used an IFE system on an airplane. However, it is essential
to include all people, regardless of if they have a disability or not. Approximately
15 percent of the population in the world have some disability [39], and IFE systems
do not have any general guidelines for handling accessibility. This master’s thesis
report will present new guidelines built with WCAG 2.1 as a foundation. The new
customized guidelines in this master’s thesis could be used by companies that develop
IFE systems to create more inclusive and accessible ones. Consequently, this would
facilitate flying for many disabled groups that today cannot experience everything
an IFE system can offer. Additionally, this would also send a signal to other parts
of society that accessibility is important and should be taken into account when
developing digital products.

1.1 Objectives

This paper examines how WCAG 2.1 can be customized to better describe accessi-
bility for an IFE system. The guidelines in WCAG 2.1 were made with other devices
in mind than IFE systems, and adjustments may have to be made to the guidelines
for them to work for accessibility in an IFE system. Therefore, the main objective
of this thesis is:

O1. To determine how WCAG 2.1 can be customized to better describe accessibility
for IFE systems.

Two research questions extending the objective have been identified to guide the
process. These questions will also be answered in this paper.

02. To determine how accessibility in an IFE system differentiates from accessibility
in desktops and mobile devices.
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03. To determine if it is necessary to add or remove guidelines in WCAG to be
able to describe accessibility for IFE systems.

1.2 External Partner

The project has been performed in cooperation with Tactel AB [44], a digital inter-
action company that develops and maintains IFE systems for several large airlines
worldwide. Some examples are Etihad Airways, All Nippon Airways, and Singapore
Airlines. Tactel’s headquarters is in Malmo, Sweden, but the company also has of-
fices in Umea and Stockholm. Tactel was founded in 1995, and since 2015 they are
part of Panasonic Avionics Corporation. Panasonic is a market-leading company
in avionics and has delivered 15,400 IFE systems to its customers all around the
world [30].

1.3 Scope and Limitations

The project’s scope is to customize WCAG 2.1 to better guide the development of
accessibility in IFE systems. The customization will only apply to the guidelines
and success criteria. In WCAG 2.1, most guidelines and success criteria have docu-
ments on when and how to use the guideline or success criterion. These supporting
documents will not be customized.

The input devices supported in IFE systems are most often touch and d-pad, and
this thesis will limit the input devices focused on these two. Some IFE systems may
support further input alternatives.



Chapter 2

Background of IFE Systems

The first instance, which could be classified as in-flight entertainment (IFE), took
place in 1921 during the ”"Pageant of Progress”, a series of flights arranged by the
city of Chicago in the US. The silent movie "Howdy Chicago” was shown during the
flights with a projector. |11,[29]. However, according to John Norman White, the
IFE industry’s foremost archivist historian [29], this is more of an ”in-flight media
event”. The next step in the history of IFE systems was in 1936 when the movie
"The Lost World” was shown, accompanied by an orchestra, on a domestic flight in
Germany |11].

The history of international commercial flight entertainment began in 1949 when "De
Havilland DH 106 Comet”, took to the skies and made its maiden voyage from Great
Britain to South Africa. It was the first international flight to focus on the passenger
experience and entertainment. It offered a mini-library, an ashtray at every seat,
and a bar serving cocktails unique to that specific airplane [48]. As commercial
international flights gained traction, the focus on flight entertainment increased,
and in the 1960s, IFE systems started to attract attention [1,29]. Trans World
Airlines (TWA) became the first airline to regularly show movies on their flights
[29]. IFE systems were developed to ensure passengers were not bored during the
flights. They were essential to keep passengers happy and satisfied with the airline
and consequently increase passenger retention [2]. IFE systems in the early years
consisted of a projector with pre-recorded audio. This developed into CRT displays,
which further advanced to LCD displays [1] and finally developed into today’s IFE
systems which are complex systems designed for the digital world its target group
lives in [33]. Today, some IFE systems offer 4K screens with almost every possible
entertainment selection. Some commonly provided types of entertainment in today’s
IFE systems are the following:

o Video entertainment - Passengers can watch the latest movies and series on
demand and in high resolution

e Streaming entertainment - Passengers can stream live sports events as they
happen

¢ Audio entertainment - Passengers can listen to audio-books, podcasts, music,
and other audio entertainment on demand



o Game entertainment - Passengers can play different games, both in cooperation
with other passengers and by themselves

e Other entertainment - Passengers can see the airplane and its path to the des-
tination on a globe. Additionally, they can see information about the airplane,
for instance, the speed and altitude, and information about cities and locations
the airplane passes over.

e Communication - Passengers can contact the flight crew for questions or order
items and food. The flight crew can also contact all passengers or passengers
in a part of the plane through the IFE. For instance, the flight crew can send
an announcement to only the persons in first class.

An IFE system can also be navigated with a d-pad. A d-pad is a handheld controller
with buttons to navigate, focus elements and interact with elements in the IFE. A
d-pad can be wireless or wired, but the standard is to use wired d-pads [42].



Chapter 3

Literature Study

The literature study contains two parts - one with in-depth information about the
technologies, frameworks, terms, and definitions used in the thesis, and the other
part with a focus on which research about IFE systems and applications of WCAG
has been done before. The second part reviews related research, which serves as nec-
essary guidance for developing custom accessibility guidelines. The custom guide-
lines will be inspired by insights drawn from the relevant literature.

3.1 Theoretical Framework

This section presents the essential information and then sequentially more subject-
specific information. First, accessibility is introduced, followed by assistive technolo-
gies and accessible technology, the Web Content Accessibility Guidelines (WCAG)
2.1, usability, types of disabilities, laws and regulations about disabilities, and an
overview of Android accessibility.

3.1.1 What is Accessibility?

When a person without a disability browses the web, most things goes smoothly and
without problems. However, 15 percent of the general population have a disability
that obstructs this experience. Disabilities on the web make using the website much
more complex and, on some websites, impossible. A website containing videos with-
out subtitles is almost impossible for a deaf person to understand. This is what
accessibility is in the web context - to access and use a website regardless of the
access method [39].

The web was initially designed to be used by anyone, anywhere, and with any
device. Tools and guidelines such as WCAG [49] exist to guide developers in making
websites accessible. In addition to WCAG, Authoring Tool Accessibility Guidelines
(ATAG) and User Agent Accessibility Guidelines (UAAG) can help developers to
create accessible web content. ATAG is made with developers of authoring tools in
mind. An authoring tool is a tool in which other developers can create web content.
UAAG is made for developers of user agents, which can be web browsers or media
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players. WCAG is the most comprehensive of these three and covers parts of the
other two as well [39).

3.1.2 Assistive Technologies

An assistive technology is a device or service to facilitate daily life and increases the
quality of life for people with disabilities and other special needs [24}28]. However,
quality of life is a broad term, and assistive technology can often only help a user
in one domain of quality of life |[25] Moreover, assistive technologies are used in
situations where the user without the technology would be expected to experience
adverse impacts and feelings or encounter obstacles and hardships. However, using
assistive technologies is not guaranteed sufficient in producing a positive outcome for
the user [28]. This depends on the situation where the assistive technology is used,
how well-developed the assistive technology is, how well-developed the environment
where the assistive technology works is, and how much knowledge and experience
the user has of assistive technologies.

Some areas where assistive technologies have proven to be useful are visual impair-
ment [25], cognitive impairments [24], intellectual disabilities [24], and cognitive dis-
abilities [25,128]. People with these types of disabilities may find navigating the web
or an IFE difficult. However, different areas require different solutions. There is no
generally accessible technology to help every person with a disability. For instance,
a person with a visual impairment may need enlarged text to read the content,
while a person with tunnel vision may find that enlarged text aggravates the vision.
Therefore, another assistive technology is necessary for people with tunnel vision.
Some people with severe visual impairments can take advantage of screen readers,
devices that read the text content and the elements on the page to the user [20]. If
the disability is cognitive, the problem is entering information and navigating on the
web. In these cases, it is common to use the keyboard, a special ergonomic mouse,
or another custom input device [27].

3.1.3 Accessible Technology

The term accessible technology is in this paper defined as the possible approaches
a user can take to move towards a goal considering websites or IFE systems. If
a program offers solutions or methods that work for people with different kinds of
disabilities, the program satisfies the criteria for accessible technology. However,
this does not mean that the program must work for 100% of the general population,
which the term "universal usability” describes. To reach 100% is unrealistic as people
can have rare disabilities with unknown requisites. Accessible technology involves
designing for disabilities where the requisites are known, and solutions to the issues
can be incorporated without changing the basis of the program.

3.1.4 WCAG 2.1

The guidelines in WCAG 2.1 aim to make content on the web easier to access for
people with disabilities. The disabilities in WCAG involve visual, auditory, physical,
speech, cognitive, language, learning, and neurological disabilities, but the guidelines
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do not cover every degree, type, or combination of these disabilities. Elders also
benefit from the guidelines since they often have similar limitations in their abilities.
The guidelines in WCAG often make access to web content more accessible to the
general population [52].

WCAG 2.1 is made by W3C (World Wide Web Consortium) through WAI (Web Ac-
cessibility Initiative) but with the help and input from individuals and organizations
all around the globe. Their common goal is to provide guidelines that everyone can
use to create more accessible web content that meets the needs of all different users
involved on the web. When a website has been developed following the guidelines, it
can be tested with a combination of human evaluation of the website and automated
testing of some guidelines.

WCAG 2.1 is the latest version of WCAG. There have been two major versions
before 2.1. WCAG 1.0 was published in 1999 and was the first set of guidelines for
an accessible web. WCAG 2.0 came out in 2008 and was an improved version of
1.0. The latest version, WCAG 2.1, was published in 2018 and conforms to 2.0. The
main differences between 2.1 and 2.0 are improved accessibility guidelines and new
success criteria, which can be used for testing and evaluation [52].

WCAG 2.1 consists of layers with different types of guidance, all working together
to make content accessible. People who use WCAG do not need to use all layers but
can instead choose the layers they need and apply them to their goals and users.
The layers are Principles, Guidelines, Success Criteria, and Sufficient and Advisory
Techniques.

1. Principles - In WCAG, four principles are the foundation of accessibility on
the web. These are perceivable, operable, understandable, and robust and are
defined by WAI [51] as:

e Perceivable - Information and user interface components must be pre-
sentable to users in ways they can perceive.

e Operable - The user must be able to perform operations on the user
interface.

o Understandable - The information and the operation of the user interface
must not be beyond the users understanding.

¢ Robust - Content must be robust enough to be interpreted reliably by
various user agents, including assistive technologies.

2. Guidelines - 13 guidelines advise and guide authors and developers toward
creating accessible content. The guidelines specify the structure and overall
objectives to better understand the following layers and how to implement the
technique. None of the guidelines are testable, but their success criteria are.

3. Success Criteria - Every guideline has success criteria that can be used to
assess if the guideline is followed on a website. These criteria are often used in
regulations, design specifications, and other agreements to show how accessible
a website is. Further, every criterion also has a level of conformance. There
are three levels: A, AA, and AAA, where A is the lowest conformance, and
AAA is the highest conformance. For a website to be classified as AAA, all
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A, AA, and AAA success criteria must be satisfied. It should be noted that
conformance level AAA cannot be achieved for some types of content [50].

4. Sufficient and Advisory Techniques - Every guideline and success criterion has
several documented techniques to satisfy the success criterion. The techniques
can be categorized into sufficient, needed to fulfill the guideline or success
criterion, or advisory, which often describes the optimal approach to address
the guideline or success criteria. The advisory techniques are not a requirement
to satisfy a success criterion. In some cases, the advisory techniques also cover
accessibility areas not covered by the original success criterion. In addition
to the techniques, this layer also provides documentation of common mistakes
when addressing the guidelines.

3.1.5 Why Is Usability Necessary?

The guidelines in WCAG 2.1 help websites to be accessible to people with disabilities.
However, accessibility is not the only answer to an accessible website. For a website
to be formally accessible, it only needs to achieve the criteria listed in, for instance,
WCAG 2.1. Nevertheless, the website can still be inaccessible if the website has poor
usability. For instance, a website can be made more accessible by adding alternate
text for screen readers to all images. The text can still be a poor description of the
image, which is missed by accessibility guidelines. Jacob Nielsen [21] describes this
as:

A strict focus on accessibility as a scorecard item doesn’t help users with
disabilities. To help these users accomplish critical tasks, you must adopt
a usability perspective.

Usability is a word that can be hard to define, and there are several definitions of
the word used in the design industry. In this paper, the definition of Eric Reiss [37]
will be used:

Usability deals with an individual’s ability to accomplish specific tasks or
achieve broader goals while “using” whatever it is you are investigating,
improving, or designing—including services that don’t even involve a
“thing” like a doorknob or web page.

If a person cannot accomplish a specific task using the program or device, usability
can be improved. In a digital environment, this signifies that the program has poor
usability if a button does not do what is expected or when the user cannot find
a specific setting after trying for a long time. To describe improved accessibility,
consideration of usability must also be taken.

3.1.6 Definition of Disability

The word disability has various meanings depending on factors such as geographic
location and context. Different countries or organizations have their definitions of
the word, and in the same country, the word is defined differently under other laws.
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There is also a difference in the word when using it as a legal term in contrast to a
medical term. The United Nations (UN) defines disability as [46]

Persons with disabilities include long-term physical, mental, intellectual,
or sensory impairments which, in interaction with various barriers, may
hinder their full and effective participation in society on an equal basis
with others.

However, the American law Americans with Disabilities Act (ADA) defines disability
as (3]

The ADA defines a person with a disability as a person who has a physical
or mental impairment that substantially limits one or more major life
activities. This includes people with a record of such an impairment,
even if they do not currently have a disability. It also includes individuals
who do not have a disability but are regarded as having a disability.

A disability is not an absolute value but can also be a gradient in the scale of the
impairment’s severity. Vision can be limited to a certain degree; above that limit,
it is classified as a disability. There can still be a massive difference in how much
vision impairment hinders a person’s daily life while still being a disability in all
these cases. This applies to all kinds of disabilities.

In Human-computer interaction (HCI), disabilities are often divided into three differ-
ent areas depending on the computer input or output method. Input issues generally
affect people with limited use of hands, arms, and speech. These issues are cate-
gorized as motor or physical disabilities. People in this group often use alternative
methods of accessing a program or device. This includes, for instance, controllers,
joysticks, speech recognition, and only a keyboard without a mouse, or vice versa.
Further, output issues generally affect people with vision and hearing impairments
and are categorized as perceptual disabilities. This group typically has difficulties
with the output and may need to use screen readers, braille output, or other tactile
ways of output. The third category is cognitive disabilities, where the spectrum is
much broader and includes congenital cognitive impairments and cognitive impair-
ments due to accidents or diseases. This group’s input and output needs are harder
to define since different cognitive impairments can have contrasting issues and diver-
gent needs to combat the problems [27]. However, many cognitive disabilities can be
handled through WCAG [49]. The guidelines in WCAG do, however, not cover all
of the cognitive disabilities, and there is today no collection of policies that do [27].

Disability can be used in a medical context and encompass various medical condi-
tions and other challenges in life. It is often hard to decide the consequence of a
medical disability in usability. For instance, a person with a medical condition can
be disabled in their daily life but still able to use a program or device normally with
no need to adjust or adapt due to their disability. Consequently, only a portion of
all disabled people needs the more accessible programs and devices [27].
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Situational disabilities

In addition, a disability can also be situational depending on the context [5}|31].
In the context of traveling on an airplane, some people feel stress and anxiety, and
some people may only have one hand free because they hold a frightened child in
the other hand. Additionally, some people may not understand the language used
in the IFE or the verbal language, and people can have impaired hearing since the
engines in an airplane are loud. All of these examples are disabilities, but they are
situational. They are still important to acknowledge since they can significantly
influence a design’s appearance. [14]

Disabilities can be described as a spectrum ranging from permanent to situational.
This spectrum can be illustrated with a table.

Table 2 Spectrum of disabilities

‘ Permanent ‘ Temporary ‘ Situational

Touch One arm Arm injury Holding a child with one arm
Sight Blind Cataract Distracted driver
Hearing | Deaf Ear infection | Loud engines

Speech | Non-verbal Laryngitis Other languages in IFE

These are only some examples of permanent, temporary, and situational disabilities.
WCAG does not offer guidelines to support all different types of disabilities.

3.1.7 Development of an IFE

When developing an IFE system, there are usually two different paths that devel-
opers take. One way is to develop the IFE system with Android as the software
stack. The word stack refers to the operating system, a middleware, and a frontend.
The language used in Android is either Kotlin or Java, where Kotlin is the official
one |18]. The latest version of Android is Android 13 (API level 33), and some of
Android’s features are only available in later versions. Many IFE system runs on an
older version of Android. Developers can also use QT a collection of cross-platform
frameworks and tools. With QT, developers, and designers can work closely together
to design, develop, and test complex applications through the same IDE (Integrated
Development Environment) [35].

3.1.8 Android Accessibility

In Android, accessibility is facilitated by several different system accessibility ser-
vices. Developers can use these with Android principles for accessibility to develop
accessible applications. Some of the items below require a specific version of Android
to work.

e Switch Access - Switch Access is an alternate way of navigating an Android
device, and one target group is people with motor difficulties navigating a
mobile screen. With Switch Access, users can navigate the screen with one
or more switches. A switch can be external and connected with USB to the
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device. External keyboards or the volume buttons on the device may also be
used to navigate through the screen’s content.

TalkBack - TalkBack is a screen reader by Google for Android devices. It
uses touch and reads the current focused element or application. In addition,
TalkBack can also be utilized efficiently with different gestures. Users can
customize the reading controls between different settings [15].

Voice Access - Voice access offers the ability to control the device with voice
commands, including opening applications, navigating the device, surfing the
web, and editing texts. Voice Access is not available for all languages yet.
Supported languages are English, Spanish, German, Italian, and French [16].

Magnification - Android supports different types of screen magnification.
The types supported are full-screen magnification, temporary full-screen mag-
nification, partial-screen magnification, and text-writing magnification. When
using magnification, it is possible to change between the different types [17].

High Contrast Text - Android offers a setting to change all text to high-
contrast text. This can be used for people with difficulties differentiating colors
from each other.

Color Correction - Users with different types of color blindness can use color
correction to improve their experience when using the device. This can also
be used by other people who only want to see specific colors.

Color Inversion - Color inversion inverts the colors of all content on the
screen. This means that white text on a black screen becomes black text on a
white screen.

Text Size - On all Android devices, text size can be either decreased or
increased to better work with the user’s preferences.

Live Captioning - Live Captioning is a function that writes captions for
speech on the device. The speech can come from videos, podcasts, phone
calls, video calls, or audio messages. When using Live Caption, the text will
be shown on the screen when the speech is recognized. When using Live
Caption in a phone call, users can write answers the system reads aloud to the
other person. Live Caption does not support music [19)].

Audio Description - Audio descriptions verbally explain what’s happening
on the screen. This can be used by people with visual impairment when
watching movies or shows on the device. This feature is only supported in
Android 13, the latest version of Android [4].

Reduce Motion - All animations can be removed from the UI. This feature
is intended for people with hardships when there are too many motions in the
interface.
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3.2 Related Work

Implementing the Web Content Accessibility Guidelines (WCAG) can be challeng-
ing, as some guidelines can be difficult to understand and interpret. In the article
Accessibility Standards and Their Implementation in Custom Data-Driven Maps by
Serna et al. [40], the authors apply WCAG 2.1 and other accessibility frameworks
to data-driven maps. They evaluate the extent to which the WCAG 2.1 guidelines
are fulfilled by the program MapSpice and test the program with various assistive
technologies to assess its accessibility.

In the paper Measuring the Accessibility Based on Web Content Accessibility Guide-
lines by Wille et al. [53], the authors conduct an empirical study and evaluation of
existing automatic tools for accessibility. Based on this, they present an approach
to assess a website’s fulfillment of the success criteria and guidelines in WCAG 2.1.
Additionally, the approach gives a score for every website, which can evaluate how
well a website follows WCAG 2.1 and in what areas a website can improve to fulfill
WCAG 2.1 better.

Fotios Spyrodonis and Damon Daylamani-Zad [43] discuss how to use WCAG to
make an accessible and engaging serious game in the article A serious game to
improve engagement with web accessibility guidelines. They did a user survey, and
based on the survey, they combined the needs of the users and the guidelines in
WCAG to create accessible mechanisms in the game. Consequently, they show that
WCAG can be used in a broader sense than only web content.

Morgado et al. [32] have emphasized the challenges faced by people with disabili-
ties during air travel, mainly about using the in-flight entertainment (IFE) system.
The authors propose an approach to address these issues: passengers can use their
phones to connect to the airplane’s systems and enhance their overall experience.
Through this approach, passengers would have the ability to control their individual
IFE system, control the console above their seat, and manage their seat controls.
This strategy offers a potentially effective solution to improve the accessibility and
usability of IFE systems for passengers with disabilities.

Eghtesadi et al. [8] write about accessibility for blind and hard of hearing passen-
gers in their article Accessible In-Flight Entertainment Systems for Blind and Deaf
Passengers. In the paper, they investigate how accessible IFE systems are for deaf
and blind passengers and develop prototypes to suggest how the design of an IFE
system can be improved for these passengers. They use different guidelines to guide
the design of the prototypes, and one of these guidelines is WCAG.

Brajnik et al. [6] explore the validity and reliability of WCAG 2.0 when conducting
an accessibility audit of a web page. In the test, twenty-five experienced evaluators
were asked to evaluate web pages with different layouts, complexity, and accessibility
support. The average agreement of how well the web page fulfilled WCAG 2.0
was 70%-75%, whereas the test aimed to see if 80% was reachable. No significant
differences in understanding between experience levels were noticed. However, more
experienced evaluators gave fewer false positives.
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3.3 Identified Problems

The related works and theoretical framework about accessibility and IFE systems
gave clues about problems with IFE systems, accessibility, and WCAG. These prob-
lems are not necessarily weaknesses in WCAG or IFE systems but may be possible
areas of interest.

e WCAG is developed for websites and may need adjustments for other formats

e WCAG is made for devices that can display websites and may need adjust-
ments for other devices

e WCAG is made for keyboard and mouse usage - other devices may not be
supported

o Accessibility support is not widely supported in IFE systems
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Chapter 4

Method

This chapter describes how the objectives were achieved. The section is divided
into two areas - describes the method and implementation in general terms,
and [£.2] explains how these are applied in this specific study. The specific process
is divided into five sequential parts. First, an integrative literature review was
conducted. After the literature review, a case study and interviews were conducted,
which used data from the literature review. These parts were used together to create
the customized guidelines based on WCAG 2.1. The customized guidelines were
called In-Flight Content Accessibility Guidelines (IFCAG). Finally, a comparison
was made between IFCAG and WCAG. The entire method is illustrated in Figure

!

Literature study —— Case Study —— Interviews —— Customized Guidelines —— Comparison

Process

Figure 1: An overview of the process

4.1 General Methods

This section contains information and theory about literature reviews, case studies,
and interviews and how they can be used in a study. The methods are described in
general, and specifics about how they were used can be found in

4.1.1 Research Literature Review

A research literature review is a type of review that investigates, compares, and
summarizes earlier recorded work of other authors. It can be used to construct
completely new knowledge in an area or to extend existing information. The review
should focus on the information in the different works and not make interpretations
of the data. Further, the review can be divided into seven steps [12].
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1. Choose a precise research question or multiple research questions to guide the
review to a set goal.

2. Choose collections of literature that can be used to find information about the
topic.

3. Choose words, phrases, and sentences that help filter the literature in the
collections. These search terms should be connected to the research question
or research questions.

4. Use practical filter criteria to find suitable literature. These criteria can, for in-
stance, be the type of literature, the report’s language, the date of publication,
or the publication location.

5. Use methodological filter criteria to assess if the literature is scientific. The
criteria for this may overlap with the practical filter criteria.

6. Conduct the review

7. Compile the results of the review

A research literature review can be used for a lot of different goals. Some exam-
ples are generating new information in an unfamiliar field, summarizing knowledge,
inspiring new ideas based on earlier works, and identifying flaws and problems in
an area. A review can also be made to accomplish a combination of these goals.
Furthermore, a research literature review can be used in different study parts. It can
be used in the beginning to generate knowledge to establish the rest of the study,
it can be used as a separate component in a more extensive study, or it can be the
complete study [23].

4.1.2 Case Study

A case study is an in-depth study that often only includes a small number of par-
ticipants. The focus of the study is usually on a scenario that is common in the
environment in which the test is done. An in-depth case study is helpful in many
different scenarios. Some examples are building new knowledge and theories, under-
standing how a process works, gathering evidence to support a theory, or getting
insight only possible through qualitative data. Case studies use qualitative data
from selected individuals to generate knowledge that can be analyzed from a deeper
perspective and used by others to generate knowledge further [26, p. 153].

There are some challenges with carrying out a successful case study. The first
is to decide if a case study might be a suitable method, which depends on the
study. A case study may be a solution if the aim is to obtain deep knowledge and
understanding in a specific area. A second challenge is identifying and choosing
appropriate case study participants. The sample size in case studies can be quite
small - it can be as few as one single individuals, and there is no recommended
amount of participants. Other challenges are finding the study’s format, content,
and duration. These three factors are often highly dependent on the purpose of
the study, in what environment the investigated topic is, and which data will be
gathered during the case study. When the case study is finished, it is also important
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to be aware that the result may be affected by outliers - participants that deviate
from the average person in the target group. It may therefore be hard to support
sweeping claims covering an extensive topic area [26, p. 154-159].

4.1.3 Interviews

Interviews are a form of direct discussion which can be an important source of
insight and give valuable information in complex areas. The result of an interview is
qualitative data that can be further analyzed. Interviews can be used in any project
phase, such as initial exploration, requirements gathering, or evaluation. Depending
on the phase, the questions may be structured differently, and the purpose of the
data may differ, but the primary format of the interview is always the same. Since
interviews can be customized for almost any situation, they can be combined with
other methods [26} p. 187].

The data from the interview can be gathered in different ways. It is possible to
document the interview with written notes during the interview, record the audio
of the interview, or video record the interview. In addition, the interviewee may
communicate through non-verbal ways, which can also be interpreted for even more
information. The post-processing of recordings can be very time-consuming - up to
10 hours for only 1 hour of the raw audio recording [26| p. 212].

The format of interviews can differ. Some factors are how formal the interview is
and how strictly the respondent must follow the set scheme of questions. These
factors often depend on the desired format of the result. Therefore, interviews can
be divided into three categories depending on the structure.

e Fully structured interviews follows a pre-defined script for questions. There
is no room during the interview to ask for clarifications or other questions than
the ones previously decided. A fully structured interview is similar to a survey,
but the difference is that questions asked in an interview can give a much more
descriptive answer than a survey. An advantage of a fully structured interview
is the simplified analysis. Since all the interviewees have the same questions,
their answers can easily be compared to each other and evaluated [26| p. 198].

e Semi-structured interviews is another category with more room for follow-
up questions for clarifications or additional questions in a certain area. This
category often also has many pre-defined questions with the distinction of the
fully structured interviews that the script can circumvent. Semi-structured in-
terviews aim to explore the interviewee’s comments and find additional insights
that otherwise would have been hidden |26, p. 198-199].

e Unstructured interviews - The third interview category is the unstructured
interview, where the idea can be based on something much more open. For
instance, this can be either a list of topics or questions. The interview starts
with an initial question, and then the interview almost completely follows the
subject of the interviewee’s choosing. If the topic or question starts to not
give any more information, the interviewer can introduce another topic or
question [26, p. 199].
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Regardless of the format of the interview, a challenge is constructing interview ques-
tions. The desirable approach is to use open-ended questions. These questions seek
explanations and explanatory answers from the interview target without controlling
the response. In addition, these questions let the interviewee choose how to answer
the questions and offer an opportunity to start a conversation about the question.
This is a substantial difference from closed questions, which only give more direct
answers. Questions that can be answered with simply a yes or no are examples of
closed questions |26l p. 198-200].

4.1.4 Analyzing Qualitative Data

The goal of analyzing qualitative data is to find patterns and structures through
coding. Coding is the process of giving different parts of the data explaining codes.
This can be done with either emergent coding or a priori coding. In emergent
coding, no theories or frameworks are used to construct the codes before or during
the analysis. Theories are instead formed based on the data. In a priori, coding
theoretical frameworks are used before gathering data to help formulate research
questions or during the analysis to help identify codes, categorize the data, and
explain the findings. A combination of emergent coding and a priori coding can
also be used [26, p. 299-303].

Following identifying the codes, a list of the identified codes can be created. This
list includes different levels of codes describing all responses that can be given to
a question. The levels are hierarchical, and increasing levels contain more detail in
the codes. When a code list is constructed, there are often obstacles between the
theoretical frameworks and other parts of the study which also must be taken into
account. Therefore, compromises in both directions are expected when building the
code list [26, p. 310].

When the code list is composed and the data has been collected, the data can be
coded. This process consists of reviewing the data and assigning codes to words or
phrases of interest. During the process, it is advised to:

1. Look for specific items
2. Constantly ask questions about the data

3. Continuously make comparisons at various levels

The specific items to look for are summarized in Table [3] These describe particular
scenarios which can be interesting to code and further analyze.
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Table 3 Statements to look for while coding

Statement Meanings

Objectives The intended goal of actions

Actions Something that has been done or performed
Outcomes The results of actions

Consequences | The result of something that occurred earlier
Causes The reason for an action

Contexts Circumstances surrounding an event
Strategies Plans to do something in a certain way

In addition to the specific items, it is important to ask questions about the data
constantly. These questions are often connected to the statements in Table [3] Two
examples are:

Why did the program not start?
What was the goal of the action?

Lastly, comparisons between data should be made continuously throughout the cod-
ing of the data. For instance, comparing the frequency of how often specific codes
appear in the data can tell a lot about the importance of a specific code. The fre-
quency and types of codes occurring among different test participants can also be of
interest to the study. The recording of the codes in the data can be documented in
many different ways. Professional programs such as Taguette [36] or MAXQDA [47]
are used to assign codes to a specific part of the data efficiently. The documentation
can also be done manually by paper or digitally on the computer with, for instance,
spreadsheets |26, p. 310-314].

4.2 Implementation of Chosen Methods

When applied in this study, the general method theories in had some adjust-
ments. These adjustments are described in this section. Additionally, the reason
why the different methods were chosen is also explained.

4.2.1 Research Literature Review

The steps for the research literature in this study area are as follows:

1. The main objective - To determine how WCAG 2.1 can be customized to de-
scribe accessibility for IFE systems better

2. All of the literature is taken from Google Scholar.
3. The search terms are the same as the index terms of this paper.

o In-flight entertainment
« WCAG


https://scholar.google.com/
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o Accessibility

4. A comprehensive approach was taken to find suitable literature. However,
scientific articles were preferred, and government statistics and websites were
used for certain information. Furthermore, private companies’ websites or
other articles were also used when necessary for the review.

5. This step was only done when a scientific source was needed. This included
checking if the literature was peer-reviewed when it was published, where it
was published, and how it was published.

6. The review was conducted based on earlier bullets

7. This part was combined with the analysis of other parts of the thesis and is
described in 2.5

In addition, the literature review had some additional criteria - the guidelines and
success criteria in WCAG were organized and structured, after which the guidelines
needed modification. Alongside collecting and organizing guidelines in WCAG, in-
formation and details about IFE systems, particularly the specific prerequisites for
IFE systems, were structured and organized.

4.2.2 Testing Procedure

In developing a new function in an IFE system, there is not only one person included.
One common approach is that a designer first creates a design. The completed design
is developed and brought to life by a developer and finally tested to work as intended
by a tester. This process is not unique to the development of IFE systems. Most
companies in the development sector follow this process to ensure that the product
works as intended and to minimize bugs. Furthermore, the process is generally
done in teams. There are often several designers, developers, and testers that all
cooperate in the production. Moreover, this process is often iterative, often named
agile [41], which means that the team continuously designs, develops, and tests the
function. The testing was done to simulate this workflow in a real company but
with only one iteration.

The case was done by a team of one designer, one developer, and one tester to
simulate a real process. They were presented with a case and had to produce a
solution. A case study was chosen as the primary method since the target group
includes people in the development of IFE systems, which is a small and specific part
of the population. Furthermore, case studies can use highly customized scenarios
which was a requirement for the study. In the case study, the participants worked
with a screen from an IFE under development for an Asian airline.

Before the case started, participants were introduced to WCAG and the case through
a small presentation. This was to make all participants better prepared for how
WCAG is structured and what was expected from them during the case study. When
the presentation was completed, each participant was given a PDF file including the
following information about the case in [£.2.3}
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e Their task
e The chosen guidelines for that role
e An image of the settings page

e A link to a file where they could document their thoughts during the case

They were free to begin when they had confirmed that they had understood their
task. There was no supervision when they did their task, and they could choose
when to complete it within one week. Each task was estimated to take between
30 to 60 minutes. The time could differ between the different roles and tasks and
how meticulous the participants were. In addition, the time could also differ if the
participant had experience with WCAG and accessibility before.

When a participant completed their task, an interview was held with them. It was
estimated to take 15 to 45 minutes, depending on how much the participant had
documented during the task and how descriptive the documentation and the answers
were. In total, every participant spent roughly one and a half hours to three hours
on the testing.

The participants’ different tasks gave valuable insights from various viewpoints in
the development process with accessibility in mind. The interviews aimed to gather
information about the participant’s experience during their work with the case. All
information was valuable, but especially information about their thoughts about
how well WCAG worked when applied to IFE systems and possible improvements
were especially valuable. A complete list of questions can be found in Appendix
[A] The questions depended on the task the participant had performed and which
information they had documented during the case. However, the essence of the
questions was always the same, but the answers could differ depending on the task
performed. The interviews were conducted in Swedish. All of the interviews were
recorded and later transcribed, and all of the participants agreed to be recorded.

Participants

The participants in the different testing phases were all employees at Tactel AB [44].
They all had several years of experience developing or testing different IFE systems.
Each of the participants was taken from a different project. This was an active choice
as different projects could have varied focuses and experiences with accessibility. In
addition, the participants were chosen based on their interest in accessibility. The
same participants were used in each iteration of the testing.

One participant was interviewed in person, and two were interviewed through Google
Meetl

4.2.3 Case Study

The participants were given a text that introduced them to the case and described
the different parts of the case. The case scenario was constructed as close to a
real-life scenario as possible and followed the increased attention of WCAG and


https://meet.google.com/
https://meet.google.com/
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accessibility in later years. The information gathered in Related Work in [3.2] also
influenced the design and structure of the case. In addition to the case’s background,
each test participant was also given an introduction to their task. This task was
decided depending on their role in their current project. Every task was abstract
meaning no practical work had to be done. The tasks were individual and did not
have to be completed in a specific order.

The case was built based on identified problems and areas of interest of WCAG from
the viewpoint of an IFE system. This information was gathered in Depending
on the role of the testing participant, they were given different tasks to solve during
the case.

The case: Tuctel AB has developed an IFE system for a new customer. The
IFE system is complete and fully functional. Much time and work have been put
into making a nice and beautiful design, extensively testing all parts of the system,
and developing a smooth and bug-free experience. However, a short time before the
release of the IFE system, the customer presents a new requirement: the IFE system
must be accessible to as many people as possible. This sets the wheels in motion at
Tactel AB, and a task group is set up to solve this problem as fast as possible with
designers, developers, and testers. The task group quickly recognizes the guidelines
in WCAG as a possible solution to the problem and wants to try to use them on
their IFE system. They put one designer, developer, and tester on redoing the IFE
system’s Settings page to follow the WCAG guidelines. The Settings page refers to
the page where the user can change the settings of the IFE system. An image of this
IFE page can be found on the next page.

The Settings page was chosen because it was believed to be very important for peo-
ple with disabilities. Moreover, the settings page consisted of many elements and
interactions where WCAG guidelines could be applied.

The task group wanted this small partition of the group to document what worked
well when applying WCAG to an IFE system and what did not work well as well. In
addition, they should also document possible improvements and changes that could
be done to WCAG for it to work successfully in an IFE system. This document
can be found on the next page. The task group also asked questions targeted at the
designer, developer, and tester when they finished their work.

Task - Designer

The designer was given the following task in the case study. Your task is to redesign
the settings page of this IFE hypothetically. The new design requires it to follow
some guidelines in WCAG (See next page for the guidelines). You have to think
about colors, contrast, text sizing, layout, resizing, readability, usability, icons, and
other factors that the chosen guidelines include.

Task - Developer

The developer was given the following task in the case study. Your task is to assess
if the given design could be implemented with the tools available in the programming



4.2. Implementation of Chosen Methods 23

language you use when developing IFE systems. You do not need to develop a real
interactive screen for an IFE. Your task is only to suggest if and how it could be
done and present possible problems and obstacles. To assess if this is possible, use
the guidelines in WCAG on the other page. Use the same thinking as you do when
you develop a real IFE system.

Task - Tester

The tester was given the following task in the case study. Your task is to test the
design, not a real IFE system, with the chosen WCAG guidelines as a requirement.
You will give your opinion of how well the design and the developer’s solution work
and if they fulfill the guidelines. When you do this assessment, follow the same
procedures as if you were testing a real screen in a real IFE system.

Chosen Success Criteria

Each task and role had some success criteria the participants were asked to use
during the case. There was no requirement for the participants to use every given
success criterion, but they were encouraged to try to use as many as possible during
their tasks. They could also use other success criteria if they found some they
thought would be helpful. WCAG 2.1 contains a total of 78 success criteria.

Chosen Success Criteria

Designer Developer Tester
SC 1.3.2 SC 1.1.1 SC 1.3.4
SC 1.3.4 SC [1.3.1 SC 1.4.3
SC [L44 SC 1.3.4 SC 1.4.10
SC [1.4.4

SC [1.4.10 SC [1.4.11
SC [1.4.10

SC 2.4.3 SC [1.4.12
SC [1.4.11

SC 2.4.7 SC 2.4.6
SC [1.4.12
SC 2.4.6

Success criterion 1.3.4 is one example of what a success criterion can look like:

1.3.4 Orientation

Content does not restrict its view and operation to a single display orien-
tation, such as portrait or landscape, unless a specific display orientation
is essential.


https://www.w3.org/TR/WCAG21/#meaningful-sequence
https://www.w3.org/TR/WCAG21/#orientation
https://www.w3.org/TR/WCAG21/#contrast-minimum
https://www.w3.org/TR/WCAG21/#resize-text
https://www.w3.org/TR/WCAG21/#reflow
https://www.w3.org/TR/WCAG21/#reflow
https://www.w3.org/TR/WCAG21/#text-spacing
https://www.w3.org/TR/WCAG21/#headings-and-labels
https://www.w3.org/TR/WCAG21/#non-text-content
https://www.w3.org/TR/WCAG21/#info-and-relationships
https://www.w3.org/TR/WCAG21/#orientation
https://www.w3.org/TR/WCAG21/#reflow
https://www.w3.org/TR/WCAG21/#focus-order
https://www.w3.org/TR/WCAG21/#focus-visible
https://www.w3.org/TR/WCAG21/#orientation
https://www.w3.org/TR/WCAG21/#contrast-minimum
https://www.w3.org/TR/WCAG21/#reflow
https://www.w3.org/TR/WCAG21/#reflow
https://www.w3.org/TR/WCAG21/#text-spacing
https://www.w3.org/TR/WCAG21/#headings-and-labels

4.2. Implementation of Chosen Methods 24

Guidelines

The guidelines chosen were influenced by the results of the literature study in [3.2]
Even if WCAG is made for computers, phones, and tablets, many of the guidelines
are general and can be applied to almost any device with an interactive screen
that can show web content. Since the objective of this master thesis is to customize
guidelines where WCAG was insufficient for IFE systems, all of the chosen guidelines
had one or several parts assessed to be inadequate. Additionally, the selected success
criteria were decided on the same basis.

4.2.4 Qualitative Analysis

All the data was collected in text format or transcribed in text format. This data
was added to the program Taguette [36]. Taguette is a tool for analyzing qualitative
data by tagging parts of the text with codes. The codes were gathered from a
priori coding from the literature review and emergent coding during the analysis.
In Taguette, the results can be exported to other programs to create graphical
representations of the results. In this thesis, LibreOffice Calc [45] was used to create
graphs and charts of the data. This data was then used together with the results of
the literature review to customize the guidelines in WCAG.

4.2.5 Customization of WCAG

When the current guidelines were customized, some criteria for the new guidelines
were set up.

o All modifications or additions in the new guidelines are made to increase acces-
sibility for IFE systems. However, the prerequisites of IFE systems will also
influence the guidelines. The customized guidelines are made to be able to
accomplish. Consequently, if the attributes of IFE systems are an obstacle to
a guideline, the guideline will be customized to accomplish even if this slightly
deteriorates the accessibility.

e In many guidelines, no changes to the guideline’s content will be made. How-
ever, words may be replaced, or sentences may be rephrased to describe the
guideline for an IFE system better. When this rewriting is done, the ambition
is always to keep the purpose of the guideline. If a rewrite has been done, this
will be presented in the results.

o The priority focus of the new guideline will not be on the entertainment part of
IFE systems. The main priority will instead be on the more essential elements
of an IFE system. For instance, this can be the communication between pas-
sengers and flight crew, public announcements, or access to safety information.

e In WCAG 2.1, there are three conformance levels, A, AA, and AAA. When
modifying the guidelines, the levels may also be adjusted depending on the
change in the guideline. The goal with customized guidelines is that every
guideline should be able to be accomplished.



4.2. Implementation of Chosen Methods 25

With these criteria in mind and the data from the literature review and the testing,
the customization of the guidelines started. The process required collecting and
triangulating information from different sources. Following the collection and trian-
gulation, all data were analyzed to see how the results affected a specific guideline
or success criterion. The following set of questions was used for every guideline to
guide the analysis, and the questions are based on the identified problems in

o How well can this guideline be applied to an IFE system?
e How can this guideline be changed to work with an IFE system?
e How well can this guideline’s success criteria be applied to an IFE system?

o How can this guideline’s success criteria be changed to work with an IFE
system?

e Are new success criteria needed for this guideline?

e Is the removal of a success criterion from this guideline necessary?
e Does this removal change the guideline’s meaning or importance?

e Does this guideline need rewriting to be applied to an IFE system?

e Which words or phrases need to be rewritten or rephrased?

The answers to these questions were found by collecting and analyzing data from
the literature review, case study, and interviews. Every guideline had an individual
assessment of the changes.

4.2.6 Comparison

When I[FCAG was finalized, a simple comparison between IFCAG and WCAG was
made. The comparison had a case study format where IFCAG and WCAG were
applied by the master thesis author to two specific scenarios to see differences in the
outcome. The scenarios were chosen based on the changes in IFCAG to increase the
possibility of differences in the outcome. The first scenario was as follows:

The public announcement system must be implemented to be accessi-
ble in the IFE system during this week. Use some set of guidelines to
accomplish this.

The second scenario was:

The safety information must be accessible to everyone that may board
the plane.

IFCAG was first applied to the scenario, and then WCAG. The implementation was
not done in code but only hypothetically. The goal of the comparison was to find
out if [IFCAG and WCAG gave different instructions on handling specific scenarios.
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Chapter 5

Result

This chapter presents the results acquired during the study. All the results are
gathered from the literature review, case study, interview, qualitative data analysis,
and the customization of WCAG. The literature review, case study, and interview
results indicate that WCAG 2.1 covers a substantial part of accessibility in an IFE
system. However, there are guidelines and success criteria that require changes. In
some cases, a guideline was unsuitable for application in an IFE, and in others, a
new guideline was necessary. These changes are presented in

5.1 Notes and Interviews

This section shows a summarized version of the notes and interview answers with
the most important points. Notes and interview answers that are unimportant to
the results are not included here. First, the designer’s notes and interview answers
will be presented, followed by the developers and the testers, and lastly, some com-
mon responses from all test participants. The interview questions can be found in

Appendix [A]

Designer

The designer expressed thoughts about the font sizes and contrasts with a focus on
the contrast between different elements in the design. Several buttons did not meet
the required contrast between the button’s background and the text. In addition,
the designer said that the page followed a hierarchical structure and that text-to-
speech should be able to handle the page. The designer pointed out a problem with
IFE systems and WCAG: a lot of content is beyond the developer’s team’s control.

?[ think it will be difficult to entirely achieve WCAG because a lot is
beyond our control with images and a lot of text and other content.”

The designer also stated that accessibility on airplanes and other air travel areas
must increase before accessibility in IFE systems is beneficial. This applies to ser-
vices in airports and the surroundings of the airports. Another input by the designer
was that the accessibility adjustments should not worsen the entertainment in the
IFE systems since entertainment is the core of the IFE systems. In addition, the de-
signer said that many entertainment systems in society are not accessibility friendly.
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The designer stated the following about accessibility in cinemas:

"It is nothing that is required to be a part of a society, but it is maybe
even more important there.”

The designer reflected that accessibility in IFE systems is not required by law right
now but will maybe be in the future. In WCAG or a new set of guidelines, the
designer would like to see examples of do’s and don’ts.

Developer

The developer explains how accessibility is handled in the IFE system he is devel-
oping right now. Android gives a lot of functionality, but text scaling and TalkBack
need manual development. He expressed the challenges with doing the case without
more practical parts but that it had gone well. He mentioned that success criterion
1.3.4 was unnecessary in IFE systems but that most other guidelines and success
criteria could be used. He stated that scrolling could be a challenge in IFE systems
but not in a way that conflicted with the guidelines. In addition, the developer said
that problems with text overflow were often connected to translations of words to
other languages. This was also mentioned by the designer. The developer also talked
about the d-pad, how it works in IFE systems, and challenges with navigation when
using the d-pad. The IFE systems can often have complex view structures which
require manual intervention in how the navigation of the d-pad works. Regarding
the manual intervention, the developer said:

"It is often just experimenting and testing what feels best.”

The developer continued by explaining how the cooperation between TalkBack and
the d-pad works:

"It is used when you run TalkBack and sets the focus on elements so
TalkBack knows what to read loud”

He stated the need for a natural navigation of the d-pad to improve how the TalkBack
and d-pad work together. This would require changing the search path of Android,
which the developer explains is possible. Another topic was the scaling of elements
which the developer explains in detail. The size ratio of elements should be the
same, no matter the screen’s resolution. An icon should look the same compared to
other elements on 1080p and 4K screens.

Tester

The tester said that the information in the guidelines about the size of the icons
would be beneficial. Additionally, the IFE page in the case had problems with the
contrast between elements. The tester also expressed the difficulties with doing the
test without practical elements. Other thoughts by the tester were about text scaling
and more general thoughts about the design. Success criteria 1.3.4 was mentioned
as difficult because of the IFE systems landscape orientation.

"I see a screen that is stuck [on the seat in front of the passenger], and
then you can not change the orientation, but it may exist IFE systems
that can be rotated”
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But the tester also said there might be some IFE systems that can have portrait
orientation. The tester also stated that the customized guidelines should cover
support for hearing and sight impairments. On the topic of d-pads, the tester said
that not all seats on an airplane have them. It is the airlines that decide which seats
should have d-pads. The tester stated that the d-pad is necessary for the TalkBack
to work for people with hearing impairments.

Common Answers

All test participants stated that the page should be able to scale to larger or smaller
screen sizes. The designer suggested some things that would need to change in the
layout. The developer explained how this would work in more practical terms.

All of the test participants said that accessibility on airplanes is not of the highest
priority but that the attention to it increases, and some airlines focus more on it
than others. The designer stated that some airlines have rules that text-to-speech
must work in their IFE systems. The tester repeated this, but with the addition
that some airlines do not care about text-to-speech at all.

5.2 Codes

The codes were identified with emergent coding and a priori coding. The codes were
used to structure and find patterns in the collected data. A summarized version of
the collected data is presented in Figure [2| shows how a code was constructed
with emergent coding. Only a few codes were constructed with emergent coding.

Figure 2: Emergent coding

So then you do not get a small
button in 4K but it scales up so it
has the same size ratio as 1080p.

Data l

Elements scale depending on
the screen resultion.

Open codes l

Element Scaling

Axial codes

Most codes were identified through different theoretical frameworks during the lit-
erature review. One such theoretical framework is WCAG itself. Table @ shows all
codes and their description. The description of a code has been used in the coding
phase to decide what should be coded.

Figure [3] shows all identified codes with both emergent coding and a priori coding.
The codes are divided into levels. A high level represents a more specific code, and



5.2. Codes

29

specific codes are usually used more infrequently during the coding phase than a
more common code.

Table 4 Descriptions of each identified code

Code Description

Touch Sensory touch disability

Sight Sensory sight disability

Speak Sensory speak disability

Hear Sensory hearing disability
Colors Colors regarding accessibility
Color Contrast Contrast regarding accessibility
Text Font Font sizes regarding accessibility
TalkBack Android TalkBack
Entertainment Entertainment in an IFE

Resize Text
Accessibility Laws
WCAG
Perceivable
Understandable
Operable
Robust

Layout
Accessible
D-Pad

Element Scaling
Responsive
Scrolling

Text resize according to the screen size

Laws regarding accessibility

The guidelines in WCAG

If the element can be seen

If the element can be understood

If the element is interactable

If the target function or item will work in the future
Layout in an IFE

General accessibility

Controller to navigate in an IFE

Elements scaling to the screen size

Layout responsiveness according to the screen size
Scroll on overflow in a page

Figure 3: Codes identified through the literature review
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5.2.1 Classification

After the coding phase, annotated documents consisting of text with marked codes
were acquired. From these annotated documents, statistics and information about
the codes were extracted. Figure [4] shows how often each code was used during the
coding. The colors of each bar have no meaning to the value of that bar and are
only for aesthetic reasons.

g
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Pemeivable
WCAG

Accessibility Laws

Codes
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Text Font

Color Contrast

Colors

Disability — Hear
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Disability - Touch
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o
=]
b
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Occumences

Figure 4: Occurrences of codes in material

Figure [5] shows how often a word was used in all interviews combined. It gives a
clue to how important the interviewees think certain areas are. The size of a word
in the image represents how often the word was used. Consequently, a large word
was used more frequently than a small word.
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Figure 5: Word cloud of most common words in interviews

5.3 IFCAG

This section presents the customized guidelines that answer objective O1 and ob-
jective O3 in The customized guidelines are called IFCAG - In-Flight Content
Accessibility Guidelines and are presented together with the changes made from the
original WCAG guidelines. A complete list of all guidelines and success criteria in
IFCAG can be found in Appendix [B:I] The original WCAG guidelines are found at
the official website for WCAG [

The changes in IFCAG often only modify a part of the guideline or success criterion.
The unchanged parts of the guideline or success criterion are transferred to IFCAG
as seen in the complete guidelines in Appendix [B-I] This also applies to supporting
documents and notes to the guideline or success criterion.

5.3.1 New Success Criteria

Table [5] lists all of the new success criteria in IFCAG. Following Table [5] all of the
new success criteria are described.

Table 5 New Success Criteria

Name Level
1.1.2 Custom Non-text Content (A)
1.4.14 Other Languages (AA)
1.2.10 Public Announcements (AA)
2.1.4 D-pad Navigation (AA)
2.2.7 Safety Information (AA)

https:/ /www.w3.org/TR/WCAG21
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Success Criterion 1.1.2 Custom Non-text Content (A)

If custom non-text content can be uploaded to the IFE system, then a text alter-
native that serves the equivalent purpose should also be chosen at the time of the
upload.

Success Criterion 1.4.14 Other Languages (AA)

For the visual representation of blocks of text, a mechanism is available to achieve
resizing of the text translated to other languages in a way that does not require the
user to scroll horizontally to read a line of text on a full-screen window.

Success Criterion 1.2.10 Public Announcements (AA)

Public announcements are provided both (1) in verbal form through the speakers
and (2) in text form in the IFE systems. For the text form, at least one of the
following is true:

e Manual input - The crew sends out the public announcement through the
IFE system in text format.

e Transcription - The IFE system transcribes the verbal public announcement
to text format which then is shown in the IFE system.

Success Criterion 2.1.4 D-pad Navigation (AA)

If the IFE supports using a d-pad to (1) navigate in the IFE system, (2) focus
elements, and (3) interact with elements, the following is true:

e Consistent - The d-pad navigation should be consistent and occur in the
same relative order each time unless a change is initiated by the user.

e Sequential - Each IFE page can be navigated sequentially.

Success Criterion 2.2.7 Safety Information (AA)

The safety information shown by the flight crew at the beginning of the flight must
be accessible to all passengers, and the following is true:

e Visible - The safety information should be visible in the IFE system concur-
rent with the physical instructions in the plane.

e Repeatable - The safety information should be able to be repeated both
directly after the safety instructions or later through the IFE system.
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5.3.2 Changed Success Criteria

Some success criteria were changed so that they would work better in an IFE system.
These success criteria are listed in table [} The changed success criteria are also
presented in detail. The original WCAG success criteria can be seen on the official
website for WCAG [

Table 6 Changed Success Criteria

Name ‘ Level
1.1.1 Non-text Content (A)
1.4.13 Content on Hover or Focus Use of Color (A)

Success Criterion 1.1.1 Non-text Content

All non-text content presented to the user has a text alternative that serves the
equivalent purpose, except for the situations listed below.

e Controls, Input - If non-text content is a control or accepts user input, it
has a name that describes its purpose. (Refer to Success Criterion 4.1.2 for
additional controls and content requirements that accept user input.)

e Time-Based Media - If non-text content is time-based media, then text
alternatives at least provide descriptive identification of the non-text content.
(Refer to Guideline 1.2 for additional requirements for media.)

o Test - If non-text content is a test or exercise that would be invalid if presented
in text, then text alternatives at least provide descriptive identification of the
non-text content.

e Sensory - If non-text content is primarily intended to create a specific sensory
experience, then text alternatives at least provide descriptive identification of
the non-text content.

e CAPTCHA - If the purpose of non-text content is to confirm that content
is being accessed by a person rather than a computer, then text alternatives
that identify and describe the purpose of the non-text content are provided,
and alternative forms of CAPTCHA using output modes for different types of
sensory perception are provided to accommodate different disabilities.

¢ Decoration, Formatting, Invisible - If non-text content is pure decoration,
is used only for visual formatting, or is not presented to users, then it is
implemented in a way that it can be ignored by assistive technology.

¢ Unknown Content - If the non-text content is unknown at the coding phase,
then text alternatives at least provide descriptive identification of the expected
content or examples of expected content.

Zhttps://www.w3.org/TR/WCAG21



5.3. IFCAG 34

Success Criterion 1.4.13 Content on Focus

Where receiving and then removing pointer hover or keyboard focus triggers addi-
tional content to become visible and then hidden, the following are true:

e Dismissable - A mechanism is available to dismiss the additional content
without moving pointer hover or keyboard focus unless the additional content
communicates an input error or does not obscure or replace other content;

o Persistent - The additional content remains visible until the hover or focus
trigger is removed, the user dismisses it, or its information is no longer valid.

5.3.3 Word Replacements

Several success criteria and guidelines have replaced words to explain better and
reflect how an IFE system works. These changes can be found in appendix In
table [7], all success criteria and guidelines affected by word replacements are listed.

Table 7 Word Replacements

Name Type
1.4.2 Audio Control Success Criterion
2.1 D-pad Accessible Guideline

2.1.1 D-pad

2.1.2 No D-pad Trap

2.1.3 D-pad (No Exception)

2.2.1 Timing Adjustable

2.3.1 Three Flashes or Below Threshold

2.4.1 Bypass Block

2.4.2 Page Titled

2.4.3 Focus Order Animation from Interactions
2.4.5 Multiple Ways

2.4.7 Focus Visible

2.4.8 Location

2.5 Input Modalities

3.1.1 Language of Page

3.2.3 Consistent Navigation

3.2.4 Consistent Identification

3.3.4 Error Prevention (Legal, Financial, Data)
3.3.6 Error Prevention (All)

Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion
Guideline

Success Criterion
Success Criterion
Success Criterion
Success Criterion
Success Criterion

5.3.4 Removed

Some success criteria from WCAG 2.1 were removed in IFCAG. The reasons for the

removals can be found in [6.1.4]

Table 8 IFCAG Success criteria for guideline 1.1

Success Criterion

‘ Level

1.3.4 Orientation
2.1.4 Character Key Shortcuts

(AA)
(AA)
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Chapter 6

Discussion

This chapter explains the choices behind the new guidelines and success criteria in
IFCAG and clarifies how IFCAG can be used in a real-world scenario. Additionally,
the discussion touches on parts of IFCAG that could not be presented in the results.

6.1 Customization of WCAG

The explanations for the decisions leading to IFCAG are presented in the same order
as in the results, starting with the new success criteria, followed by the changed
criteria, and finally, the removed criteria.

6.1.1 New Success Criteria

New success criteria aim to cover areas in an [FE that WCAG does not cover. In
some cases, WCAG partly covers the area, but more coverage is needed to ensure
accessibility. This section explains the decisions behind all new success criteria found
in

Success Criterion 1.1.2 Custom Non-text Content

In an IFE system, almost all of the content is decided by the airline that has bought
the IFE system. Consequently, the developers of the IFE systems do not know
the exact content that will be displayed and used in the IFE; they only develop
to support different kinds of content. This success criterion aims to improve the
accessibility of the content that the developers cannot control themselves.

Further, content the developers have no control over also affects other parts of
the development regarding IFCAG. Guideline 1.2 Time-based Media and belonging
success criteria explain how accessibility around, especially videos, movies, and other
kinds of audio media, should be handled. These types of content are never decided
at the launch of a new IFE system, the content changes over time, and different
customers want different content. There is no new or revised guideline to address
this in IFCAG since it was decided that this was already covered in WCAG 2.1.
However, the 1.2 Time-based Media needs to be handled slightly differently in an IFE
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system compared to a website. In some cases, the responsibility for the accessibility
part falls on the airline in an IFE system instead of the developers.

Success Criterion 1.4.14 Other Languages

IFE systems often have many language options since the passengers can originate
from anywhere. The languages that should exist in the IFE are decided by the
airline. When translating one word into another language, the word may get shorter
or longer. This may affect other elements on the screen or overflow the screen, which
should be avoided. For instance, words translated to Japanese from English often
have fewer characters but take up more horizontal space. This problem could also
occur on a website, and this is partly covered by the success criterion 1.4.4 Resize
text. However, this is a more frequent problem in IFE systems, and this success
criterion is added to reflect this.

Success Criterion 1.2.10 Public Announcements

One significant difference between an IFE system and a website is that an IFE
system is on an airplane in the air. There is always a risk that an airplane crashes,
so airplanes have many more safety aspects. This information is often partly handled
through the TFE system. A website may also have essential information, but in an
IFE, the safety information must be accessible to everyone on the plane.

Success Criterion 2.1.3 D-pad Navigation

One of the more influential differences between an IFE system and a computer is
the lack of a keyboard in IFE systems. Instead, in IFE systems, the usage of a d-
pad is common, and this success criterion was added to improve the development of
accessible d-pads. Other guidelines and success criteria have also faced changes due
to the d-pads in IFE systems. This success criterion does not cover all there is to
know about d-pad navigation. WCAG handles navigation with only the keyboard,
but the difference between keyboard and d-pad navigation is considerable. The d-
pad has a joystick which adds a new layer to the navigation. This guideline only
focuses on consistent and natural navigation but does not explain how to handle
joystick navigation. Further development in that area is probably necessary for the
future.

However, the navigation with other buttons of the d-pad is similar to the navigation
with a keyboard on a website. Both websites and IFE systems are coded in hier-
archical structures. Consequently, consistent and natural navigation is often closely
connected to the hierarchical structure of the current page of the IFE system or
the website. Therefore, a prerequisite to fulfilling this success criterion, is that the
hierarchical structure of the IFE system is of an accepted standard. This is partly
covered by other success criteria such as 2.4.3.


https://www.w3.org/TR/WCAG21/#focus-order
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Success Criterion 2.2.7 Safety Information

Success criterion 1.2.10 Public Announcements is also about safety but focuses more
on the crew’s announcements during the flight. This success criterion instead focuses
on the safety information at the beginning of every flight. This information is only
held once with both visual and audio instructions. However, people with disabilities
can have problems understanding the data and may need to look through the safety
information an extra time.

6.1.2 Changed Success Criteria

The purpose of the changed success criteria is to improve coverage of some areas in
an IFE system or remove coverage of areas which does not exist in an IFE system.
The changes can be found in

1.1.1 Non-text content got an added exception for when a text alternative that serves
the equivalent purpose is not required. This was added for the same reason that
success criterion 1.1.2 was added - the content in an IFE system is not decided by
the developers during the development. The purpose of this added exception is to
encourage text alternatives for the expected content. So if the developer knows that
an image is for a movie poster but the developer does not know which movie, the
text alternative can be Movie poster. Without this change to the success criterion,
there was no advice on handling expected content in an IFE system.

In 1.4.13 Content on Focus, several things changed. All of these changes were
because it is not possible to hover in an IFE system. In an IFE system, the navigation
consists of either touch or a d-pad. With touch, only click events are possible, and
with a d-pad, focus and click events are possible. Howver is impossible in an IFE
system, so the parts regarding Hover were removed.

6.1.3 Word Replacements

In several success criteria and some guidelines, words were changed to better reflect
the target device in an IFE system. These changes have not changed the initial
meaning or purpose of the success criterion or guideline. In addition, in some cases,
words or phrases were removed if the words or phrases described something that did
not exist in an IFE system. One example is that the state hover cannot be achieved
through normal use in an IFE system, and references to hover have therefore been
removed and do not exist in IFCAG.

6.1.4 Removed Success Criteria

Two success criteria from WCAG 2.1 were removed and do not exist in IFCAG. The
areas that they touched do not exist in airplanes today.

Success 1.3.4 Orientation is as follows:
Content does not restrict its view and operation to a single display orien-

tation, such as portrait or landscape, unless a specific display orientation
is essential.



6.2. Comparison Between IFCAG and WCAG 38

The reason for this criterion’s removal was that in an airplane, the screen with the
IFE system is always on the seat in front of the passenger. The screen cannot be
rotated, and the orientation is always landscape. Earlier in the history of aircraft,
there have been occurrences where the screen could be moved [1]. However, during
the interviews with the test participants, it was clear that the screens today could
not be moved or rotated in IFE systems. The success criterion also mentions that
the content is allowed to restrict its view and operation to one orientation if it
is essential. For instance, this can apply to an online piano. In the case of IFE
systems, they will always require landscape orientation, and this success criterion is
unnecessary.

Success criterion 1.2.4 Character Key Shortcuts was removed because keyboards
and IFE systems are not used together. In other cases where a guideline or success
criterion described keyboard usage, it could be solved by changing the word usage
of the d-pad or a larger change. However, this was impossible here since shortcuts
with a d-pad are not used in an IFE system. Therefore, the decision was made to
remove the success criterion.

6.1.5 WCAG 2.1 Supporting documents

WCAG2.1 has many documents that give the reader a comprehensive guide to im-
plementing the guidelines in their project. IFCAG does not come with a large
number of supporting documents. This is because the extensive time needed to cre-
ate supporting documents did not exist. However, almost all supporting documents
for WCAG 2.1 can still be applied to IFCAG. If a guideline or success criterion is
removed in IFCAG compared to WCAG 2.1, the connected supporting documents
cannot be applied when using IFCAG.

6.2 Comparison Between IFCAG and WCAG

This section shows differences in the result when using IFCAG or WCAG. The two
scenarios are chosen based on where new success criteria in IFCAG were added. New
success criteria were chosen to showcase the effects they can have on the result. The
scenarios should not be taken as a definitive answer to how to interpret the success
criteria but rather as an example of how it could be done.

Scenario 1

When IFCAG is applied to the given scenario, there is one success criterion that dic-
tates exactly how the development of an accessible public announcement implemen-
tation should be done. Success criterion 1.2.10 explains that public announcements
should be in verbal and text formats. The success criteria also clarify that this can
be achieved either through manual input by the flight crew through the IFE system
or if the IFE can transcribe the verbal public announcement to text format.

In WCAG, no success criterion touches on the topic of public announcements. Suc-
cess criterion 1.2.9 explains that live audio must also be presented in an alternate
format, but it tells nothing about how this should be done. This success criterion
is also more focused on live audio, which is known beforehand. A public announce-
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ment can be very acute, and there may not be a warning ahead of when a public
announcement will be necessary.

Scenario 2

IFCAG contains a success criterion that explains how the safety information should
be handled in an IFE system. The success criterion points out two important factors
regarding the safety information and IFE systems - visible and repeatable. The
safety information should be visible in the IFE system at the same time as the
physical safety instructions and this information should also be able to repeat in the
IFE system at any point during the flight.

WCAG does not contain any information on how to handle safety information on
an airplane. This is not strange since WCAG is not designed for such a specific
scenario on an airplane.

6.3 Selection of Testing Methods

The main goal of WCAG is to offer a set of guidelines to give designers and developers
the tools to create accessible websites for everyone. This goal is the same with the
customized version of WCAG, with the difference that the target devices are IFE
systems instead of desktops and mobiles. Therefore, it can be reasonable to test
the customized guidelines on people with disabilities to ensure they still have the
intended effect. However, this would not give user data to this thesis. The intended
users of WCAG are designers, developers, and other people involved when developing
websites. If customization of WCAG is done, the testing should be done on the
target users of WCAG. WCAG was established to improve accessibility for people
with disabilities, and if the main essence of the guidelines is kept when customizing
WCAG, the customized guidelines should still improve accessibility.

Testing on people with disabilities would not have given data useful to the customiza-
tion either. If an existing IFE system had been tested on people with disabilities
with WCAG as the main focus, the received data could not have been used to cus-
tomize WCAG. The data received would instead show how well the existing IFE
system satisfies WCAG and how accessible the existing IFE system is. It would
probably be challenging to conclude necessary changes in WCAG from that data.
That data would fit more as a base for new guidelines and not to customize existing
ones.

Nonetheless, there is still a point in testing people with disabilities, but that is
outside the scope of this thesis. When testing an IFE system on people with disabil-
ities, new problems with accessibility only existing on an airplane may arise. These
problems could then be covered in IFCAG as new guidelines. Situational disabilities
(3.1.6) on airplanes have not been extensively researched when using an IFE sys-
tem. Knowledge about these would probably increase when testing an IFE system
on people with disabilities.

To summarize, no testing was done to ensure that the customized WCAG guidelines
improved accessibility for people with disabilities since this was already tested in the
original WCAG guidelines. Testing on people with disabilities would still benefit the
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customized guidelines, but this was beyond the scope of this thesis.

6.4 Analysis of Testing Process

During the testing, there were a lot of experiences and factors that may be useful
to have in future testing in the same area. These are summarized here:

e When testing on persons with different roles, they have varied experience in
different areas. There was an expectation before the test started that they
would have more similar knowledge and experiences since they all worked
with IFE systems. However, since they all worked in different areas of IFE
systems, their expertise and insight into IFE systems differed. This was not a
disadvantage to the study but rather an advantage since they all contributed
with different understandings. Nonetheless, this is an important factor to be
aware of before testing WCAG in the way this study has done. Depending on
the goal of the testing, it may be beneficial to focus more on one group rather
than include people from different groups.

¢ Only some guidelines and success criteria were tested during the case study.
If all guidelines and success criteria had been tested, more time would have
been required from the testing participants. Therefore, the guidelines were
selected based on the identified problems presented [3.3] to get the most value
from the testing. However, in retrospect, some of the chosen guidelines and
success criteria were clear to work with IFE systems, even if they were chosen
based on the identified problems. It would have given more value to the study
to select guidelines and success criteria that were more unclear to work with
IFE systems.

e The initial thought with the method was to iterate at least two times with the
same case but with customized guidelines and success criteria every round.
However, after the customization after the first round, it became clear that
most of the guidelines and success criteria used in the case had not experienced
any changes. The changes were instead done on other parts of WCAG. Conse-
quently, if a second round had been done with the same case, the result of the
case study would be similar to the result after the first round. Therefore, it
was decided not to continue with a second round of the case study. The result
from the second round would only have been presented in the report and not
for any further customization. Therefore, the data loss from this decision was
estimated to be insignificant.

It was decided to replace the iterative testing by comparing WCAG and
IFCAG. This was determined to give more value to the study than a sec-
ond round of the case study. The comparison procedure is presented in [4.2.6]
and the results in 6.2
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6.5 Limitations of Accessibility Guidelines

There is a common assumption that accessible websites are boring and aesthetically
displeasing [938]. The UI of IFE systems often consists of fancy color combinations,
modern designs, and appealing interfaces. If the assumption is that accessibility
makes websites dull, this would mean that if IFCAG is applied in an IFE system,
the IFE system becomes more boring. This would be a problem for IFE systems
since their foundation is to entertain people. This was also a worry which was
expressed during the tests. However, the assumption that an accessible website
is boring is false [9]. The problem with accessibility and boring websites is with
the developers and designers. There are many examples of accessible, exciting,
and colorful websites. The issues with making a website accessible often emerge if
accessibility is added after the website’s design is done. If the design is done with
IFCAG or WCAG in mind, it is still possible to produce accessible and visually
pleasing websites as Petri et al. [34] mention in the report Tension, what tension?
Website accessibility and visual design. This report focuses on WCAG 1.0, but the
results are similar if applied to WCAG 2.1.

Furthermore, even if an interpretation is that the design needs to be less colorful to
be accessible, this does not equal boring. Minimalist web designs are popular and
are not considered boring. However, when applying IFCAG to a design process of
an IFE system, it is important to be aware that IFCAG will influence the design.
This is not necessarily a disadvantage but an advantage since the IFE system is
accessible. Additionally, all of the functions of the IFE system are easily reached
without unnecessary distractions.

6.6 Applications of IFCAG

IFCAG, in its current state, can be used during the development of an IFE system
as a tool for guidance and testing for accessibility. If the guidelines are applied
during the development, the result will be a more accessible version of the IFE
system. Furthermore, the IFE system may also work better for people without
disabilities [27, p.5]. However, it is not a comprehensive solution for all types of
accessibility. As mentioned in [6.3] further testing with IFE systems and people with
disabilities could improve IFCAG and accessibility for IFE systems.

The intended target group of IFCAG is identical to the ones of WCAG: designers,
developers, and other people involved in the development. IFCAG could also be used
by other researchers and experts interested in customizing WCAG to a specific area.
WCAG, in its original form, covers a lot of possible applications. Still, there are
industries similar to IFE systems where customization of WCAG could be needed
for an optimal set of guidelines for accessibility. In those scenarios, this thesis can
work as a base to work on and give instructions on how a customized version of

WCAG can be established.
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6.7 Objectives

The objectives in this thesis are answered in different parts of the paper.

0O1. To determine how WCAG 2.1 can be customized to better describe accessibility
for IFE systems.

— This objective is answered in where the new guidelines that better describe
accessibility for IFE systems are presented.

02. To determine how accessibility in an IFE system differentiates from accessibility
in desktops and mobile devices.

— This objective is answered in where the differences when comparing IFE
systems to computers and phones are explained.

03. To determine if it is necessary to add or remove guidelines in WCAG to be
able to describe accessibility for IFE systems.

— This objective is answered in [5.3] where new and removed guidelines are shown.
In the decisions leading up to the changes are presented.

6.8 Analysis and Insights

During the work with this master’s thesis, many thoughts about different methods,
procedures, and other aspects of the thesis have been reflected on. This section will
touch on some of them.

The method has changed continuously throughout the thesis. In the beginning,
there was a clear plan on how the method should look, and there were no obvious
weak points, but as the work with the thesis continued, some weak points emerged.
Following this, the method was changed, but after some time, the method was once
again changed since new needs for the thesis emerged. However, even if the method
was continuously changed, the acquired results were still what was desired at the
beginning of the thesis. Changes in the method during the thesis work are natural
and may even be necessary for some papers.

An advantage when developing in tech and following guidelines is to see how the
guidelines can be applied. IFCAG consists of text and may be hard to understand
and interpret for application in custom projects. If a website for IFCAG existed
containing more precise instructions on how to apply IFCAG, it would probably
facilitate the use of IFCAG. This website could include images, videos, and more
descriptive explanations to help developers. However, this is beyond the scope of
this thesis, but a more descriptive website than the current one of WCAG could

benefit both IFCAG and WCAG.

One aspect of this thesis that has not been done and is not mentioned in is that
no consideration has been taken into the fact that for a more accessible flight journey,
there are more sections beyond the IFE systems that need improved accessibility.
This was mentioned briefly in one interview, but to get disabled people to enjoy the
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flight, other parts of the airport and aircraft need adjustments. This is not to be
used as an excuse not to improve accessibility in IFE systems but merely to mention
that accessibility improvements everywhere are beneficial.
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Chapter 7

Conclusion

This chapter presents areas of research that were not done in this thesis but could
be researched in the future and some concluding statements about the results and
discussion of this thesis.

7.1 Future Research

This thesis only covers the surface of accessibility in IFE systems. Since airplanes
can cause many temporary disabilities and the area of IFE systems is very specific,
not much research has been done on IFE systems. This thesis covers many issues
with accessibility problems in IFE systems and provides a solution to these problems.
However, to improve accessibility in IFE systems, much work and research still needs
to be done.

7.1.1 Applications During Development

IFCAG has not been tested during an active development of an IFE system. Future
research during an entire development process to investigate how well IFCAG im-
proves accessibility in IFE systems should be done. However, many developments
of IFE systems span several years, and it is not always possible to keep the research
going for that long. Therefore, IFCAG can also be tested in a real scenario in other
ways.

o Many development processes follow agile thinking [41], and this method runs
iteratively in cycles. One way to investigate how well IFCAG works in a real
scenario could be to apply IFCAG in the work process during one cycle, often
called sprint.

e Another way to investigate IFCAG in an active development scenario could
be to apply IFCAG at the end of development. IFCAG and its success criteria
could then be tested to see what needs to be adjusted to satisfy all guide-
lines. With this alternative, some benefits of IFCAG would be lost since both
WCAG and TFCAG are designed to be used during the entire development.
However, future research could still work if IFCAG were applied at the end of
the development.



7.2. Concluding Statements 45

7.1.2 User Testing

If the research in [7.1.1] cannot be conducted, future research on a smaller scale may
be done. Further testing with the same procedure as in this master thesis but on
more testing participants can be of value. The designers, developers, and testers
who participated in this study use specific tools daily. Other designers, developers,
and testers may use another set of tools. If more testing participants are included
in the study, the tools covered in the customized WCAG guidelines will be more
extensive.

7.1.3 Success Criteria Levels in IFCAG

Every success criterion in IFCAG has been given a level similar to how the levels in
WCAG work. Both WCAG and IFCAG contain levels A, AA, and AAA. A is the
easiest to satisfy, and AAA is the most difficult. In WCAG, the success criteria can
be very specific, and in some cases, websites with unique content cannot satisfy all
success criteria. IFCAG is instead designed so that all of the success criteria can be
achieved. If no significant changes have been made to the success criterion, the level
of the success criterion is kept. If the success criterion is new, the level is set based
on how important the success criterion is. The importance of a success criterion is
mainly influenced by the case study’s data. However, the goal of the case study was
not to find the correct level of success criteria. Therefore, further research could be
done on finding the correct levels of success criteria in IFCAG.

7.2 Concluding Statements

The ambition during this thesis has been to customize WCAG 2.1 for IFE systems
to improve accessibility. This has been done, and a customized set of guidelines
now exists. The customized guidelines, IFCAG, has many similarities to WCAG.
However, as shown in [6.2] some precise differences can make noticeable differences
in the result. Further, IFCAG should not be seen as a complete source of truth for
accessibility in IFE systems. IFE systems are complex environments that cooperate
with the rest of the airplane. Further research into accessibility in IFE systems is
required before a complete set of guidelines for IFE systems can be finalized.
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Appendix A

Interviews

A.1 Interview Questions - Everyone
Table 9 Interview questions - Every test participant
Question Question Formulation
Q1 SV Kan du beskriva din uppgift i det projekt du jobbar inom?
EN Can you describe your task in the project you are working on?
Q2 SV Hur jobbar ditt team med tillgénglighet?
EN How does your team work with accessibility?
Q3 SV Tror du att tillgdnglighet ar viktigt? Varfor? Varfor inte?
EN Do you think accessibility is important? Why? Why not?
Y SV Kénde du till WCAG innan detta?
EN Were you familiar with WCAG before this?
Q5 SV Hur har du jobbat med WCAG innan detta?
EN How have you worked with WCAG before?
Q6 SV Hur var din upplevelse med detta case?
EN How was your experience of the case?
Q7 SV Hur var din upplevelse med WCAG riktlinjerna i caset?
EN How was your experience with WCAG guidelines in the case?
Q8 SV Hur tror du att riktlinjerna influerade din bedémning?
EN How do you think the guidelines influenced your assessment?
Qo SV Hur bra tror du att WCAG kan anvéndas for IFE system?
EN How well do you think WCAG can be used for IFE systems?
Q10 SV Kan du ndmna nagra forbattringar for WCAG och IFE system?
EN Can you mention any improvements to WCAG for IFE systems?
Q11 SV Kan du ndmna nagra problem for WCAG och IFE system?
EN Can you mention any problems with WCAG for IFE systems?
Q13 SV Finns det nagot du saknar i WCAG med tanke pa IFE system?
EN Is there anything you miss in WCAG with an IFE system in mind?
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A.2 Interview Questions - Designer

The questions for the designer consisted of the questions in table [0 and table

Table 10 Designer interview questions

Question ‘ Question Formulation

SV Tacker WCAG tillginglighet i ett IFE ur ett designperspektiv?

Q12
EN Does WCAG cover accessibility in an IFE from a designer’s perspective?

A.3 Interview Questions - Developer

The questions for the developer consisted of the questions in table [l and table

Table 11 Developer interview questions

Question ‘ Question Formulation

Q12 SV Téacker WCAG tillgénglighet i ett IFE ur ett utvecklarperspektiv?

EN Does WCAG cover accessibility in an IFE from a developer’s perspective?

A.4 Interview Questions - Tester

The questions for the tester consisted of the questions in table [9] and table [12]

Table 12 Tester interview questions

Question ‘ Question Formulation

Q12 SV Tacker WCAG tillginglighet i ett IFE ur ett testarperspektiv?

EN Does WCAG cover accessibility in an IFE from a tester’s perspective?
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This appendix lists all the guidelines and success criteria in IFCAG. The list shows
if a guideline or success criterion is unchanged or changed compared to WCAG.

Name Type State

1.1 Text Alternatives Guideline Unchanged
1.1.1 Non-text Content Success criterion | Changed
1.1.2 Custom Non-text Content Success criterion | New

1.2 Time-based Media Guideline Unchanged
1.2.1 Audio-only and Video-only (Prerecorded) Success criterion | Unchanged
1.2.2 Captions (Prerecorded) Success criterion | Unchanged
1.2.3 Audio Description or Media Alternative (Prerecorded) | Success criterion | Unchanged
1.2.4 Captions (Live) Success criterion | Unchanged
1.2.5 Audio Description (Prerecorded) Success criterion | Unchanged
1.2.6 Sign Language (Prerecorded) Success criterion | Unchanged
1.2.7 Extended Audio Description (Prerecorded) Success criterion | Unchanged
1.2.8 Media Alternative (Prerecorded) Success criterion | Unchanged
1.2.9 Audio-only (Live) Success criterion | Unchanged
1.2.10 Public Announcements Success criterion | New

1.3 Adaptable Guideline Unchanged
1.3.1 Info and Relationships Success criterion | Unchanged
1.3.2 Meaningful Sequence Success criterion | Unchanged
1.3.3 Sensory Characteristics Success criterion | Unchanged
1.3.4 Orientation Success criterion | Unchanged
1.3.5 Identify Input Purpose Sequence Success criterion | Unchanged
1.3.6 Identify Purpose Success criterion | Unchanged
1.4 Distinguishable Guideline Unchanged
1.4.1 Use of Color Success criterion | Unchanged
1.4.2 Audio Control Success criterion | Changed
1.4.3 Contrast (Minimum) Success criterion | Unchanged
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1.4.4 Resize text Success criterion | Unchanged
1.4.5 Images of Text Success criterion | Unchanged
1.4.6 Contrast (Enhanced) Success criterion | Unchanged
1.4.7 Low or No Background Audio Success criterion | Unchanged
1.4.8 Visual Presentation Success criterion | Unchanged
1.4.9 Images of Text (No Exception) Success criterion | Unchanged
1.4.10 Reflow Success criterion | Unchanged
1.4.11 Non-text Contrast Success criterion | Unchanged
1.4.12 Text Spacing Success criterion | Unchanged
1.4.13 Content on Hover or Focus Success criterion | Changed
1.4.14 Other Languages Success criterion | New
2.1 Keyboard Accessible Guideline Changed
2.1.1 D-pad Success criterion | Changed
2.1.2 No D-pad Trap Success criterion | Changed
2.1.3 D-pad (No Exception) Success criterion | Changed
2.1.4 Character Key Shortcuts Success criterion | Removed
2.1.4 D-pad Navigation Success criterion | New
2.2 Enough Time Guideline Unchanged
2.2.1 Timing Adjustable Success criterion | Changed
2.2.2 Pause, Stop, Hide Success criterion | Unchanged
2.2.3 No Timing Success criterion | Unchanged
2.2.4 Interruptions Success criterion | Unchanged
2.2.5 Re-authenticating Success criterion | Unchanged
2.2.6 Timeouts Success criterion | Unchanged
2.2.7 Safety Information Success criterion | New
2.3 Seizures and Physical Reactions Guideline Unchanged
2.3.1 Three Flashes or Below Threshold Success criterion | Changed
2.3.2 Three Flashes Success criterion | Unchanged
2.3.3 Animation from Interactions Success criterion | Unchanged
2.4.1 Bypass Blocks Success criterion | Changed
2.4.2 Page Titled Success criterion | Changed
2.4.3 Focus Order Success criterion | Changed
2.4.4 Link Purpose (In Context) Success criterion | Unchanged
2.4.5 Multiple Ways Success criterion | Changed
2.4.6 Headings and Labels Success criterion | Unchanged
2.4.7 Focus Visible Success criterion | Changed
2.4.8 Location Success criterion | Changed
2.4.9 Link Purpose (Link Only) Success criterion | Unchanged
2.4.10 Section Headings Success criterion | Unchanged
2.5 Input Modalities Guideline Changed

2.5.1 Pointer Gestures

Success criterion

Unchanged
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2.5.2 Pointer Cancellation Success criterion | Unchanged
2.5.3 Label in Name Success criterion | Unchanged
2.5.4 Motion Actuation Success criterion | Unchanged
2.5.5 Target Size Success criterion | Unchanged
2.5.6 Concurrent Input Mechanisms Success criterion | Unchanged
3.1 Readable Guideline Unchanged
3.1.1 Language of Page Success criterion | Changed
3.1.2 Language of Parts Success criterion | Unchanged
3.1.3 Unusual Words Success criterion | Unchanged
3.1.4 Abbreviations Success criterion | Unchanged
3.1.5 Reading Level Success criterion | Unchanged
3.1.6 Pronunciation Success criterion | Unchanged
3.2 Predictable Guideline Unchanged
3.2.1 On Focus Success criterion | Unchanged
3.2.2 On Input Success criterion | Unchanged
3.2.3 Consistent Navigation Success criterion | Changed
3.2.4 Consistent Identification Success criterion | Changed
3.2.5 Change on Request Success criterion | Unchanged
3.3 Input Assistance Guideline Unchanged
3.3.1 Error Identification Success criterion | Unchanged
3.3.2 Labels or Instructions Success criterion | Unchanged
3.3.3 Error Suggestion Success criterion | Unchanged
3.3.4 Error Prevention (Legal, Financial, Data) Success criterion | Changed
3.3.5 Help Success criterion | Unchanged
3.3.6 Error Prevention (All) Success criterion | Changed
4.1 Compatible Guideline Unchanged
4.1.1 Parsing Success criterion | Unchanged
4.1.2 Name, Role, Value Success criterion | Unchanged
4.1.3 Status Messages Success criterion | Unchanged

Table 13 IFCAG guidelines and success criteria

B.1.1 Words Replacements

This part of the appendix contains all guidelines and success criteria that have word replace-

ments.

Success Criterion 1.4.2 Audio Control

If any audio on a page in an IFE system plays automatically for more than 3 seconds, either
a mechanism is available to pause or stop the audio, or a mechanism is available to control
audio volume independently from the overall system volume level.
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Guideline 2.1 D-pad Accessible

Make all functionality available from a d-pad.

Success Criterion 2.1.1 D-pad

All functionality of the content is operable through a d-pad interface without requiring
specific timings for individual d-pad actions, except where the underlying function requires
input that depends on the path of the user’s movement and not just the endpoints.

Success Criterion 2.1.2 No D-pad Trap

If d-pad focus can be moved to a component of the page using a d-pad interface, then focus
can be moved away from that component using only a d-pad interface, and, if it requires
more than unmodified d-pad action or other standard exit methods, the user is advised of
the method for moving focus away.

Success Criterion 2.1.3 D-pad (No Exception)

All functionality of the content is operable through a d-pad interface without requiring
specific timings for individual keystrokes.

Success Criterion 2.2.1 Timing Adjustable

For each time limit that is set by the content, at least one of the following is true:

e Turn Off: The user is allowed to turn off the time limit before encountering it; or

e Adjust: The user is allowed to adjust the time limit before encountering it over a
wide range that is at least ten times the length of the default setting; or

o Extend: The user is warned before time expires and given at least 20 seconds to
extend the time limit with a simple action (for example, "press the “Extend” button”),
and the user is allowed to extend the time limit at least ten times; or

o Real-time Exception: The time limit is a required part of a real-time event (for
example, an auction), and no alternative to the time limit is possible; or

o Essential Exception: The time limit is essential and extending it would invalidate
the activity; or

¢ 20 Hour Exception: The time limit is longer than 20 hours.
Success Criterion 2.3.1 Three Flashes

IFE pages do not contain anything that flashes more than three times in any one second
period, or the flash is below the general flash and red flash thresholds.

Success Criterion 2.4.1 Bypass Block

IFE pages do not contain anything that flashes more than three times in any one second
period.
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Success Criterion 2.4.2 Page Titled

IFE pages have titles that describe topic or purpose.

Success Criterion 2.4.3 Focus Order Animation from Interactions

If an IFE page can be navigated sequentially and the navigation sequences affect meaning
or operation, focusable components receive focus in an order that preserves meaning and
operability.

Success Criterion 2.4.5 Multiple Ways

More than one way is available to locate an IFE page within a set of IFE pages except where
the Web Page is the result of, or a step in, a process.

Success Criterion 2.4.7 Focus Visible

Any d-pad operable user interface has a mode of operation where the d-pad focus indicator
is visible.

Success Criterion 2.4.8 Location

Information about the user’s location within a set of IFE pages is available.

Guideline 2.5 Input Modalities

Make it easier for users to operate functionality through various inputs beyond touch.

Success Criterion 3.1.1 Language of Page

The default human language of each IFE page can be programmatically determined.

Success Criterion 3.2.3 Consistent Navigation

Navigational mechanisms that are repeated on multiple IFE pages within a set of IFE pages
occur in the same relative order each time they are repeated, unless a change is initiated by
the user.

Success Criterion 3.2.4 Error Prevention (Legal, Financial, Data)

Components that have the same functionality within a set of IFE pages are identified con-
sistently.
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Success Criterion 3.3.4 Error Prevention (Legal, Financial, Data)

For IFE pages that cause legal commitments or financial transactions for the user to occur,
that modify or delete user-controllable data in data storage systems, or that submit user
test responses, at least one of the following is true:

« Reversible: Submissions are reversible.

e Checked: Data entered by the user is checked for input errors and the user is provided
an opportunity to correct them.

¢ Confirmed: A mechanism is available for reviewing, confirming, and correcting in-
formation before finalizing the submission.

Success Criterion 3.3.6 Error Prevention (All)

For Web pages IFE pages that require the user to submit information, at least one of the
following is true:
¢ Reversible: Submissions are reversible.

e Checked: Data entered by the user is checked for input errors and the user is provided
an opportunity to correct them.

e Confirmed: A mechanism is available for reviewing, confirming, and correcting in-
formation before finalizing the submission.
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