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CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

\’QIRO the study. First, an

ssibjlify chgidenges faced
®

by Web development teams, which lead them to prograigegeode tfat d )S'n‘(-){%xgnd to

accessibility requirements, are discussed. The thi % \'cl\gz.cessibility

g,"?life nt a@ﬂaches aim at

increasing web accessibility level, are highliMggd? Sectior sho@the intersection of

A

s work. Finally, the

a summary that presents the hjghliNfts of edch t i asg felates to literature review of
this research. \" “(‘j)

o
2.2 DISABILITIES Aw A lmués‘(,
Co 4

The use of the Int n&ms bfe rafhdly @ding to most areas of human life. In many

This chapter provides a review of literature and researches re

Xy

industrialized CO!HFICS, electronic o\g}ilobile governmental services are provided in

almost all er such as immigration, education, commerce, news, workplace

interacti 1®alth care, recreation, and entertainment. This would enable citizens and
residents to easily and efficiently access different services without usual problems, i.e.

long queues, much time and effort. However, it is imperative to provide accessible Web
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services to the majority of people including those with certain disabilities (permanent or
temporary) so as to secure equal access and opportunities for everybody. Y.
Four types of disabilities (visual, auditory, cognitive, and motor) are idsml by the

Center for Disease Control (CDC, 2016), which are mainly relevant t accessibility.

Visual disabilities include blindness, color blindness, and low visioMmg(lor blindness as

tidq on,certain websites

imag sWoblems for
@

people with these two visual disabilities. Users with a@abi]iti s ‘S@ness or

a hearing impairment are impacted when websi e N*O s ot&).w quality

recordings. Users with cognitive impainna@nin;ﬁi. litie(s‘%clude autism,

ADHD, and dyslexia as exemplars. Those with¥ggnit{ye i1 m&@can have difficulty

well as low vision make it harder for users to read the info

since dark backgrounds, unusual or small fonts, and unc

reading text or lack the full ability to i 'f)in& 1th \vggsue. Motor impairments
“ Qv
include people with cerebral palsy, le sc i€ mugﬂar dystrophy, rheumatoid
N
arthritis, carpal tunnel, broken ncsZ)r othef con 't]o@t cause tremors or loss of fine

muscle control. Users with gmot3r ci ! -

navigate websites. Give, @ Linmegy disté'd users can use a variety of assistive
\ ’ i (.)

R

technologies to gaingecesd to the il(ej (2006) gave an example related to screen
Q’ N

reader software w

a screen rea& Ir site must prov?@ALT text, language that is associated with non-

Y%on wit ag@phics. “In order to identify these elements to

text elen at provides contextual meaning in cases in which users cannot see the

21-22). Because screen readers only read text and cannot interpret graphic
images, the code underlying the Web design should be written with titles, headings, and

text captions that are appropriate for each graphic. Table 2.1 presents examples of
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assistive technologies for each of the four disability types, suggested by (Bradbard &

Peters, 2010). T
TABLE 2.1: Disabilities and Assistive Technologies 1%

Visual Disability
Screen magnifiers enlarge a portion of the screen as the user moves about the screemight text, users
can magnify on screen by zooming
Screen reader software present graphics and text as speech

/ mouse or keyboard.

3

Refreshable Braille displays provide tactile output of information on the cot Sc ‘eell. Lings from the

screen are sent to a device where small rounded plastic or metal pins i characters.

The user reads the Braille letters with his or her fingers, and then, aft th,isplay

to read the next line. N

Braille embossers transfer computer generated text into embosse ingRFSpECi

Talking word processors use speech synthesizers to provide auditory dback‘pf'vhals typ g

Large-print word processors allow users to view everything in Xt \w scrégenlargement
Auditory Disapility b, B [\

Telecommunications Device for the Deaf (TDD) provid?wo commpunicdie 0\'6@&16 lines using

text terminals. ~ &

Closed captioning provides text translation of spoken 1

video conference). .

ShowSounds is a standard that provides visual trax%l of soundNQIdF

XP and Vista. In Vista it is called “Captions.”

Light signaler alerts the user when the comp

tting soundggsueh ag&eicating a new email message.
‘e DisabMigy NG
2rams mclu e an@&ware designed to make text-

1

based materials more accessible for pgople§fio have fﬁct?' Ivit ng. Options can include scanning,
¢ oud

Screen reader software used for visua

[ CJ\UQI‘ people with dyslexia.
Speech recognition software can | ‘

"y

.

widefs. @uvners can be used for people with memory
: o~

tor Disdbility
o arm and hand movement to control mouse
-and-puff systems, trackballs, headmounted pointing

1cements enable single finger operation of multiple key combos, delay onset of key repeat,
ays, or onset of inadvertent key presses (users with tremors).

Source: Bradbard & Peters (2010)
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2.3 WEB ACCESSIBILITY CHALLENGES

Despite the importance of web accessibility as a research topic, the majority qf zbsilcs
developed remain inaccessible or semi-accessible (Hashemian, 2011; Nah§n eal., 2012,
Villena et al., 2014). This is due to reasons to be discussed in this soge In addition,

&

web accessibility faces several challenges such as resource awon. established

managerial practices, and time limitation (Trewin et al., 201 AS m:itler of fact, new

research findings (Avila et al., 2012; Power et al., 2012; BroWg& Sqott} suggest an
o
imminent need to look beyond the "how to" questior Xienind w il‘s_i&))rder to

d thwgol protM‘YiZmals who
o
, Websdevelopers, and
=
s &Q) different types of

w

oes *lalcd;\w web accessibility 1n

°
—
(
)
o
-
@)
——

]
o
(@]
o
a
iz
(7]
—
G
—
—
_-
—

1 gg and implementing websites.

e Limited resourg ssibility issues, both tangible and

V

appropriate slmclu}d accessibility manuals for Web developers and

o Scarcnyf ofessionals vh‘arevlnniliar with accessibility evaluation tools.

These and some other challenges, like lack of motivation among Web developers,

O

contribute to making websites inaccessible for the disabled. Furthermore, lack of
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efficiency among novices (inexperienced) in the evaluation process may impact web

scessibility (Brajnik et al., 2011; Vazquez, 2014), and Web designers and d

may lack the necessary knowledge to implement techniques that support acce %, All
these problems contribute to the existence of several barriers in web ﬂ&lbllnv and
stimulate interest in this research domain to investigate more the %1.\' question:

“Despite the availability of different resources, why are the ma)Yyonllm websites

still inaccessible?” '
In fact, many research studies on accessibility have b condufted 'ﬁ\ L the
accessibility conditions of public websites (Olalerée m agp al., 2013;

"’44

S f“ these studies

&
ul@.hk’ et al., 2013).

Lujan-Mora et al., 2014; Akgiil & Vatansever, w e\'E“mc

critically analyzed accessibility challenges (Hz lal\.O ELK

Therefore, this research stresses the vit 1i:*,oid %s ibkh;qknol only for disabled
4
s I[{4%am in charge of building

Internet users but also for websites N Her

3
belgved tha we ap:@ ility is directly related to an

organization’s profit, le glslw‘ l ‘mg& '1111111@5 ety (W3C (a), 2012). It can be
seen as a way for an @ali \}nm@ie its commitment to provide equal
¢ i

1%115 cfn ¢
A major benefit yfm,tE{u nizations is the potential direct and indirect
Amuczlscd acces ﬂ&qh eir websites.

financial gai\

This s@gomNirveys and contrasts various web accessibility challenges raised by current

and maintaining websites. It i

opportunities to all ug sb&scen g a sort of corporate social responsibility.

scholar? the last decade that face Web developers during design and evaluation phase

and categorizes web accessibility challenges as proposed by (Abuaddous et al., 2016):



e Challenges related to web accessibility standards and guidelines.

e Challenges arising during website’s design and development: nm?n.
awareness and other issues related to IT professionals who partigtpa®yin the
development of websites.

e Challenges during web accessibility evaluation: Evaluation tokg and users.

>51glers'have to follow

accepsidlityficainst the

To insure that a website is accessible, Web developers an

guidelines at the design phase, and then test their webs

o
guidelines to insure they are barrier free before releasi 3C, g0l Tllﬁt two

ers w‘he design

@ge to explore

estr] 1d caly verlap since the problems
N
&

challenges mentioned above are related since they

Mes challenges can face Web

;
lc%ﬁ_g’{)hase. Also, problems related to

following them during the design.

guidelines can discoura& b
¢

Another example is Jag trairing=yy 'cﬂ'is(rﬁlated to learn the guidelines for designing

Y

accessible \\'cbsi:w to pl{C Jh auggated tools to test the websites. Thus, lack of
1

V

training can lag ¢ ted by guidelines™™gallenges as well as automated tools problems.

2:3%1 IMhges Related to Accessibility Standards and Guidelines

The increasing number of national laws and policies addressing the accessibility of

information and communication technologies (ICT), including the Web, resulted in many
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different approaches in practice. Some of the laws and policies are based on establishing a

must be accessible, among other approaches (Internet Society, ZOIZNhile many

countries such as France and Spain have developed their own accessib¥ity legislations,

N

some developing countries still do not have a specific item of lvon protecting the

rights of people with disabilities (Sloan & Horton, 2014), Sarig IJ are bound in a

more general equality act and differ in the level of

b=

itfes¥md in
A\

|
ts anﬁ ervices. Q-g\ides the

successfully accessing and using digital content, pro
mandatory accessibility legislations cnforccdb)wfzan%‘ \nﬂ'ies.é@ly voluntary
standards and guidelines were founded to su& ;s’cial InCeg oféﬁbled people.

¢ / ) t'gme most internationally
U]

201 A0Mnany other guidelines and

N
@V and Fujitsu). Furthermore,

yet g%rcm versions adopted by commercial,

versions at the provincie{ te |

educational, and nogggovgnmghtal,o a{iz(l_i}ms within the same country. This section

focuses on WCA%
N\

literature (S\ a et al., 2014; mna et al.. 2014: Gordon & Lujan-Mora, 2015;

3
‘incu’il Peen ly the most widely used Web standard in the

Medina

The W¢ Wide Web Consortium (W3C, 2016) is an international consortium that aims

to develop Web standards. Its mission is pursued through making general guidelines that
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will lead to Web standards. W3C's Web Accessibility Initiative (WAI), which is part of
the W3C, focuses on enabling people with disabilities to create and interact with Web

content. WAI promotes: a) the implementation of web accessibility g M s In
/A

advanced tools, and b) the improvement of accessibility evaluation 100]& 1220119

Together, these may increase the number of disabled people who use the ernet.

idwfe? (WCAG) which

Authgring Tool

The WAI has developed: 1) Web Content Accessibility G

describe how to make Web content and Web sites a vle,

Accessibility Guidelines (ATAG) for the Web authoring

2

used fo cr t?tf{_)%lem,
and 3) User Agent Accessibility Guidelines (UAA Qs lhet{‘ d Q/ Ccess that
content (e.g. browsers and media players). Dcsp'wsvmp andyof /\g'and UAAG,
18! @L there is enough

Y
é;\‘axtcnsi\'cly analyze it.

this work will concentrate on WCAG challerfags 40r two r¢

N

“ .
E‘gw;‘fonn website evaluation

literature about the WCAG that can &

>d

{
S
c@ Within WAL the WCAG

fod. The WCAG 1.0 was published

Second, many automated tools that “

are using rules/criteria presenggd \E!nn WEAG

documents (WCAG 1.0 and WCA@ 2. {r cV

and became a W3C reu@iali

o
2008. Although it is )u%e to fonfc ' WCAG 1.0 or to WCAG 2.0 (or both),

the W3C rccomn% e usdal G Qﬁ‘or new and updated content.
A\ >

S

-oanized around four ¢

—

@‘ then superseded by WCAG 2.0 in

WCAG 2.048

Under > principles there are 12 guidelines. Each guideline has one or more testable

success criteria (SCs). There are 61 SCs at levels A (lowest), AA (medium), and AAA
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(highest). Each guideline and success criterion has its own techniques. Techniques are

classified by WAI as informative, which means they are not required. The hgsis for

determining conformance to WCAG 2.0 is the success criteria from the c

standards not techniques. Techniques may be “sufficient”, “advisory” orassJures”. The
former are reliable ways to achieve accessibility and following them W e enough to

meet a SC. but they are not mandatory: failing in a test proca NI a “sufficient”
e

technique does not necessarily mean that the success criterior 101 'C n satisfied n
some other way (WA, 2014). Advisory techniques are s
impact on accessibility, but might not be enough on

success criterion is met. They are generally di%'mo: \NL and!;/

(WCAG 2.0 guidelines list can be

TABLE™

Conformance Level A

Explanation /‘W& of le
Saysted. Jrhes

mighmun

AAA ’}

e s of Level A and | All SCs (at all
&l Jre satisfied. This is | conformance levels) are
afd” (’ a "'professional practice satisfied. This is a "gold
) 1 :{mndurd". which  a | standard" of maximum
cet #® 1sidcc$ website should meet to | accessibility which
| j Y’Fy be accessible to a broad | some  websites —may
Mity | range  of  disability | choose.
groups.

significant di
groups.

L
%

In ®r (prevent the obsolescence of WCAG against the fast evolution of technology,
the WAI removed the technical aspects of accessibility from their guidelines and SCs.

Technical information regarding how to implement V Jeb content with existing Web
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technologies is now provided in separate documents. However, in spite of all these
changes, recent studies (Cooper et al., 2012; Power et al., 2012) have shown that many of

fe

the problems raised in WCAG 1.0 still persist in WCAG 2.0 and there have

N ittle
improvement in the level of web accessibility. .\j

Although WAI pursues its mission through the creation of guid@ these do not
guarantee accessibility (Miller & Fels, 2013). There is still a lagk oWrical evidence to

demonstrate that conformance to WCAG 2.0 leads to ac ess'b\ey)sites for

wed thit co orn.zeég'of a
A

4\‘?"

Q'
>\':i understanding of
A

' H0ER Conway, 2014). O
! £ Conway ). One

ers Alleir inability to interpret or

! Cg§documems are not easy to

&

1ca ledge of accessibility. Therefore,

P ig‘s@mcm accessibility, they do not always

the lcsir d ‘equ@;lnenls. Alonso et al. (2010) showed that a

understand how to

group of 25 ndyi valuator? su{g@' to consistently rate problems according to

WCAG 2.0 wcause of this was }the interpretation of the guidelines and the SCs.

Besid anual verification is needed by evaluators and Web developers, guidelines-

based ssibility evaluation has several disadvantages (Tanaka & Rocha, 2011).

WCAG 2.0 documents are difficult to navigate and locate. All the documents related to
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these Guidelines exceed 450 pages with few hundred navigation links on each single
page. Moreover, WCAG 2.0 tends to create supporting documents that can be w
more regularly than the standard itself, which can be a burden to Web dev %\inee
exploring these updates, necessitates both time and effort. As such, WCAG 2¥could be

unusable by real-world developers. In addition, WCAG 2.0 dwzlcm itself 1s

inaccessible to anyone who does not understand English. Y’
Loitsch et al. (2013) pointed out that there exist ambiguitichgg tl la
WCAG 2.0. For instance, WCAG 2.0 stated that alkgs#heYouccesf cg ri‘ S) are
4 o
testable when people who understand WCAG 2.0 lm S5 oent ugly the same
SCs, the same results should be obtained with %Nlcr ¥ ubil't\s". However, no

needed to fulfill the

explanations were provided about the miggmunm™¥iu jer

required “high inter-rater reliability™; also legel of _a@reem
) % &
will

undefined. Should all the testers oble s

enough? Furthermore, Loits ;. (201B) ijcxlli@thc need for people who

&

uired. This ambiguity could affect the

Petrie et al. ) conducted interviews with 14 web accessibility evaluators. They found
lhal@mtors were unclear on the differences between automated and manual testing
of accessibility and what guidelines can be tested through the automated tools. In

addition, Brajnik et al. (2010) had 22 expert and 27 non-expert evaluators to perform
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accessibility evaluation using WCAG 2.0 and discovered that 50% of testers were unable

to come to an 80% level of agreement about whether a problem was presemv\
webpage. Additionally, when using WCAG 2.0 20% of the problems rﬁ’ the
evaluators were false positives and 32% of the true accessibility problems%had been

missed. A false positive occurs if the violation has not taken plac anSZvas reported,
whereas a false negative occurs if the violation really has '11\'6ch and was not

reported. For the non-experts, the results were even worse g igl@ of false
®

positives. \Y.
QS L2

byl \ : . g o b 4

The focus of WCAG 2.0 is on the technical amiact.?’lc \\’&% - no%ﬂ’u‘crs and

their goals. This means that the activity of cot ‘:im e i‘@lled towards

with specific impairments trying to comple < A

q ‘Q%
focus can be helpful for programnuheali ¢ibilimdevaluation as a bug-fixing
activity, this level of technicalifs ‘z'nevitu ly ¢ cale@:ap between accessibility and
user experience for disable Mle ((‘P \J al., : Of a greater concern is WCAG

2.0’s emphasis on perf

which makes it i
conformance. website development process, developers do

not seek p ‘won; instead, they ain¥ for a continuous, pragmatic improvement over

Versios ssell, 2013).



27

2.3.2 Challenges during Website’s Design and Development

The main issue of web accessibility is that many websites are not designed withl
access in mind (Bradbard & Peters, 2010). In other words, lack of web a % ity 1s
more a result of faulty design rather than inadequate technologies. Carter & Markel
(2001) estimate that one percent of Web developers take accessibilitagintq®ccount when

designing web pages. When websites are designed and deve eWout concern for

users with disabilities, barriers that inhibit access to the cor " the si%xist. This

happens when Web developers write a code that %t attegds t ?ci%%&'ility
guidelines. Beside the problems related to web csWhilitydayid neksfﬁich are
discussed earlier, other issues can contribute X: \'n baég.lesting and
evaluating accessibility, such as: lack of aw 5and mo

tion@ the scarcity of
professional training courses that may accq 7 s

: : “«
Villena et al., 2014; Gordon & Luja ., 20 Agla I'fﬁﬂg Web developers do not

Nahon et al., 2012;
follow guidelines at the design ghasc\@l a wel#

Developing websites requi tem@ﬂlat in es developers, designers, content

producers and project 1%@ . For
e : o
rel

certain responsibilif

b c@nunity, each member of this team has

)

—rl

ed td hisyskils i&dblivering an accessible website. However,

d
it is the projec wger whodmoRito igh-level adherence to business goals, and
il

&
without his w 1, there will not %11y changes to accessibility unless governments

truly orcing legislation. Without a managerial impact on accessibility, it is quite
norma l, Web team to ignore this accessibility issue or pretend they have taken care of

it (Pereira et al., 2014). A project manager should ensure the early engagement of his

team in the accessibility process. He should motivate and encourage the Web team to get
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involved in the accessibility issues at early stages. Project managers are responsible for
showing the importance of web accessibility to their teams as well as the positive effect
of web accessibility on the commercial and community levels. If none o ‘\K‘oject
members is experienced in accessibility, then a third party can be CN or out-
sourced to perform this task. Lack of accessibility may result in the g€ alization of

certain user groups, preventing them from accessing the website. V

X

This section discusses the main challenges faced in projeq ted to (’cess' le website

i 'gt's the

/, the gectic lligl

«;

rs efgecially IT

&

wing for Web

ty
&
O

development staff.

2.3.2.1 Lack of accessibility awareness, %
aéfm

Challenges such as lack of awarene amga Web developers, besides

motivation, knowledge and g 'da&‘hle tter 2es are faced by most novice

y

evaluators. Whether facing exp cncsd\ G‘e&pel‘s or novice evaluators, all

challenges contribute to tiftNaQntinui nce cessibility barriers on websites.
\ s ',| (.)Q
There are moral, | atl ecgnoifpic 11‘gl\‘wms for implementing accessible websites

<>

promoted by a & organi Tofs SUgh as disability related charities and academic

&
organizatiow . Kang, 2012). N}erlhcless, few Web designers follow accessibility

f=

ganji et al., 2013). Although the WAI of the W3C have published online
most IT professionals are unaware of them, and companies that have

government contracts are mandated by their government’s legislation to make their



websites accessible (Brown & Scott, 2015). The low level of accessibility is likely to be
the result of several factors. For instance, despite the increase on awareness pertaining to

accessibility over the last few years at the level of government and legislagon{Web

designers’ knowledge remains quite low (Power et al., 2012). s )

Pye (2011) tested the importance of accessibility awareness for IT pro sionals and its

Y

effect on the accessibility level for visually disabled uscrv
t cn\'ce?hemselvcs
L sﬂl@'f the
| _i?
allY'n ividuals

.

% uced in web

the other current

author used a

questionnaire and interviewed members of charity organiz

with the matters of web accessibility for visually disalged perso
study revealed that there are certain rules to increz awarg

involved in Web development. Country-specificglegisptio

accessibility. There is also a key rcquircnwr he cor

enforcement methods, such as assistive te%oww 1:0\3’

However, no precise recommendati ;e eivgn by é‘u@ to treat the highlighted

awareness problem. T E\

' 4
In the USA, Yi and Kang (4Q12) Shoy N ack L(%&'areness in public libraries. These

Toaccessibility barriers.

libraries usually do noggcomder ity éﬁhbcrs with physical disabilities when

designing their we
are not suited w 3 '
assistance. @norc. this study INDI led that public libraries do not consider having an

appropr ding in their reserved budget to support accessibility.

In the Y™earch conducted by Hashemian (2011), twenty (20) websites of Finnish higher

education®s institutes have been examined to evaluate their web accessibility by an
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application software named TAW (TAW, 2015). The results showed that 30% of tested
websites have full automatic accessibility in priority ‘A’ level but none of the tested
websites has ‘AA’ compliance. Most of the tested websites have low accessﬂg The

authors claim that the lack of accessibility awareness among developer§ is )e main

reason. Y.

Until now, the majority of IT professionals, especially thosT are involved in

'This 1s because
r n&:{?ﬂakes

(.)
@. So, the

it

and rewards of web accessibility as well as\t

highlights these rewards and benefits (B;‘%\/ 2 kﬁ@n the other side, the
lack of motivation does not ncc‘\% reness since many IT

f
Rosson et al. (2005) conduwl Auri Y Mving @’ch developers. The aim was to
understand the needs, 1&17 1S a 9 it that developers follow and the tools
’

they use in websileg dc,:lop end,
NS
observed that v % ’cl(w}{‘ gt q conscious of the overall quality and usability

issues, on of the rcspond&s performed web accessibility testing. They

1ypot 1\%\111 this may be partly due to a lack of knowledge and motivation because
f Mg, e

u in()\'cbsitc implementation, the authors have

I
C ively tedious and time-consuming testing required. Although Rosson et al.
(

2005) experiment was conducted 11 years ago; the motivation factor has remained an



issue until now. One of the common justifications given by the developers to abandon

accessibility according to Gordon and Lujan-Mora (2013) is the limited time or resources’

incompatibility of technology to accomplish this task. This happens bﬂz the

accessibility specialist is just a small cog in a big wheel or even there is ng S cciafist at all

in the organization. Yv

Trewin et al. (2010) surveyed IBM rich Internet application dvers with varying

fa eli by developers

when designing accessible web-based products andfgthe Ve g 'i‘@f the
OpErsgW h peri?cé in web

N

ng gphases with
'qé&d obstacles and
)@! creators of personal

S
‘hut@ presented a theoretical

I

framework that described variablcv 1yppthe g ould contribute to designers’

intention. They found that intfThs1@ motivgt

attitude that affected the @1
2.3.2.2 Lack of train%\ ’ '.' (‘g)

woi‘e?s' napfire m@good education and guidance are crucial to

4
produce skil@ S by

aff members WWan understand the urgent need for accessibility.
\uld cover different aspects related to web accessibility such as training

No one can den

The trainit

accessibility evaluation using different techniques. The lack of skilled staff may

eventually negatively impact accessibility. However, accessibility training for Web



developers is still not available in most IT training centers. Thus, many Web developers

continue producing websites that are inaccessible.

Many developers claim that accessibility is difficult to accommodate. Part oithe lem

is a lack of exposure to accessibility during training (Lazar et al., 2013;%&:2, 2014;

pers

as Human, Computer

Gordon & Lujan-Mora, 2015). Most Web designers and develo ve little or no

experience to ensure that their code meets accessibility requireme gners approach

Interaction (HCI) specialists and developers. Designers

think that Web users are just like them (Krug, 2013).

Recently, developers have indicated a nccd@rc catign 1 essibility. An
osz

exploratory study (Lopes et al. (a), 2010) on"Wgg cugrent st

more than 400 developers throughout Bggopgd. leai ul at 85% of developers
.
wanted more accessibility training N ore ion gﬁ‘lguidelines. disabilities and

n
‘eb ert%%wcd training in accessibility

evaluation methods like coggductiif® re esting &ﬂh blind users and using screening

Oé‘Brazilian study (Freire et al., 2008)
|

techniques besides as@ccl

o
revealed that whileg>70 Bt web-rgl: *d"px fedsionals were aware of screen readers for
blind users, the X knofv '$o mglde webpages screen reader-compatible.

not fo™® them (Freire et al., 2008; Bittar et al., 2012). Avila et al. (2012) stated that for

Web developers to create functionally accessible web resources, more than general



guidelines and evaluation tools are required. Thus, it is recommended that more training

be given to Web development teams in order to raise their awareness and give them a

better understanding of end-users. \z
2.3.3 Challenges during Evaluation *

Web accessibility evaluation methods have been widely studied, am%mt evaluation
raw Harper, 2013).
gy Yhe 'equi e different
bk et al., 2 1&(&‘&@1@@

| <
‘es et al.,

S pl'OFI' €S on

Y. o B, N
2014). For example, they differ in many ways: V ., o

methods have been proposed, e.g. (Brajnik et al., 2010;

Different AEMs lead to different kinds of results and

levels of resources and differ in their applicability (Braj

e Purpose of implementation.

e Users performing the evaluation, % \? A
? R A

e Methods used in obtairgng

a

;E/D =
g 1%
=4 =,
:9

c--k:“"

7

e (Cost/resources sper

In the next subsectior S in@ accessibility evaluation process faced

'

by IT staff when s usit (dulomaled tools are covered. User testing,

screening leclE&

subsectior &‘3.;), since they are re[dted to each another.

2.3.34AMgmated testing problems
WC NN be checked manually, though verifying a site’s accessibility manually can be

time-consuming. Thus, software developers have created a number of tools to simplify

Rre technologies problems are highlighted in



this process. Web accessibility testing tools are software programs and Web based
services that help in determining whether a website meets accessibility guidelines
(Brajnik et al., 2010). These tools can help reduce the time and effort requﬂ r the
evaluation process especially for large-scale studies. Testing normall{§ myglves an
evaluator to check conformance of a webpage against the accessibilit}w encoded in
the tool. A-Checker (2014), WAVE (2015) and TAW (2015) are ex? s of automated

c§sibijity standards or

Lwal., 2013).
i o

l‘y@tool to

evaluation tools. Automated tools vary in the way they appl

guidelines to produce a list of automatically detected pr:

Generally, expert users are required to follow up wit sults eri

determine the rate of accessibility. Y’ \3.
Common drawbacks of automatic accessi@ols ha® n Sklighled by many

scholars, e.g. (Lazar et al., 2013; Gordélworem. YI\ sz et al., 2014). There
\

is not much information about the @es {

accessibility using these tools (Ta% Rogha, : %‘e\'er. one of the most known

deficiencies of automated to0¥s 1Spthe dii;ﬁ ul plé’%,-etmg results. At first glance,
N

running evaluation usiu@naled 100 souéﬁasy. Unfortunately, they are time

consuming when tlu‘mﬁe /ab

N
re?l' €S 4

—
2
Y
—
o

ay face when assessing

?l)p(y) ry to analyze their results. Moreover,

interpreting thes Xp '(\{’eb developer with a technical background

in web acscs!fbi y. This neccsaggs constant checking against manuals and

documcnl‘x When these tools are used by practitioners who lack experience or




Automated testing covers only a small proportion of WCAG 2.0 and is unable to check
every aspect of accessibility (Lopes et al.(b), 2010), but it is possibly able to flag items
that need to be manually checked. Some tools like TAW do not evaluate the W, me
using all guidelines criteria and the rest are usually evaluated by @l are
commonly left to their own interpretation of those guidelines (K\Val, 2012).
Moreover, there is high detection rate of defects among many of eve I n tools, which
requires a user’s manual inspection and. thus. resources ar m( ohar1 & Kaur,

2012):

| _@
Trewin et al. (2010) interviewed 49 IBM Web dev Llop and reveafed ghat the majority

nd Sﬁlplete with

of the existing evaluation tools are often unclear, nber

respect to standards or guidelines that musl\%ydore
tools do not provide support for change d%n,\\ ly E\k?

While tools can check the adherence t

checked properly. For example, it i sce@n whether the “alt™ attribute

1s meaningful or not. This cd in guigh ‘}sispm\“ and inaccurate results.

Trewin et al. (2010) sh ormewl nvggddologi es, particularly mixed ones that

may reduce false p

visualizations 11‘& ort novices in | )@mn(y manual checks and simplification of the

N‘csulls are needed. h research community of accessibility is still

automated t

unable ardize ways or methods that are fully automated to generate accessibility

rate for ¥ #ecific website. Developers of interactive systems, especially websites, are

frequently not specialists in accessibility and usability techniques. In the absence of an



accessibility expert, the evaluation tool might go a long way to find adherence to the

standard guideline. But even hiring an accessibility expert may often be beyond the

financial capabilities of a typical website development project. \2

Two experiments were conducted in 2012 and 2013 by (Abuaddous et al. % using the

following tools: Accessibility Check, A-Checker and TAW for "O%blR universities in

Malaysia in order to diagnose the overall accessibility of these Vrsmes' websites.

e e 1113 btained by

e gxpregeetl it dNferent
:_f?&
er in }1@ n I'plﬁ)QJJ n of the

the selected tools. In addition, the results obtained varie

:g
-
o
h
o
(@]
(@}
o
177}
Z
—
=F
—
S

errors on a webpage, making the reliabilit ucl &
O
Choosing website accessibility cvalu‘ nMools is 111\'1 cision: whether or not to
pick the easiest one to use, or fa est oneffto 1 ]or one which produces low false
positives. The choice of llwl wl \10u perlence can be a daunting task,
especially when woxl\u 1 th e of&e onstraints (Greeff & Kotzé, 2009).
' |
Many factors nud l\en nt 1§.d ajion when choosing the suitable evaluation
tool. The tool § i w@dly, provide high quality and reliable results

and be capagle >sting the browsdfa)OM in order to test what users are experiencing.
Addity 1e tool must be suitable to integrate in the development process and
- cJ0ugh to be used in any environment by any team in any location. While many

tools provide some guidance on verifying results which need to be manually checked, few
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of them provide easy to follow and user-friendly guidance on performing such manual
inspection. There are other factors, including but not limited to the ones mentioned above,

to consider when choosing the appropriate evaluation tool (Groves (a), 2013). &R:l 34

in Chapter 3 highlights the factors to be considered when selecting auton ted })015 for

the study experiments. Yw
2.3.3.2 Users’ testing problems Yy

Although accessibility tools and guidelines can help in detect cessfbility problems,

1€ ’SMQO s &
g

|

Redish, 2003). User testing is a process where formal"Sgformal cgpe ncng§'\m'e set up

\wrient dNravigation on

uatggLab studies with

ifedycle of a product but

\

desq@t cycle (i.e. when large

user testing should be applied whenever it is possible togverify

with real users who are asked individually to perform¥oal-

a website, and whose behavior is obsewed@grienC

real users are the most effective when c%cl

can also be conducted towards the %
\ g or release a site on time).

accessibility problems might be Yy 1
Involving users with disabiliti%\ aluali.el he 1?11&)7%1161115; however, it cannot alone
determine if a website is&' le olnol ox‘tol\éﬁuesenbery. 2014).

\ B |
'1% eva 1atio?{lh

—

Several studies of ug

(}@Niclsen, 2000; Brajnik et al., 2010) have

shown that userdggin® med? y fai%n yielding consistent results when performed

F _ |
by dliicrcn$1lors and that a (mspcctlon—based method is not shortcoming free.

Other dag jes were observed, like preparing testing materials, developing realistic

addition. this kind of testing has been criticized for being subjective and for depending on
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the users’ background as well as the Internet skills (Aizpurua et al.. 2014). Although

accessibility and usability are two different subjects, there is no reason to assume that the

kind of uncertainty that applies to usability evaluation methods should no%a;' to

accessibility as well. s )

User testing is a part of usability testing, but user testing with disabled¥gsers also adds

accessibility findings to the normal usability findings. User lesmTNe conducted in

z'lor or observer

prepares a scenario and uses a think-aloud technique wth high fgcilit iﬂleiwetion.
Data collection and tasks would focus on specific Wwggas 01“.c ncghn fQr_Potential
accessibility problems, rather than general site ugage. ¥pn th hand& remote user

.é&ne, webcam, and

done due to budget

1 '1@1‘}(&51{ since there is a complexity

1 the website audience demographics

@ diverse and use different interaction
techniques and It @impormm to recruit people with disabilities,
characterisl@ expertise dcpend&i@ on the target audience. However, accessibility

teams 0 e limited access during testing phase to real disabled users that meet the

cn@wﬂlc and who can take time out to do the evaluation. Users regularly have

inadequate means to attend to the evaluation. The use of varied assistive devices, like



screening techniques, may cause further problems during the evaluation, especially due to
the fact that the mastery of a particular device does not mean an automatic skills transfer
to another or newer device, besides hardware incompatibility (Greeff & Ko\ 09).
Thus, recruiting users for testing normally requires that the level of technicdqsavay of the
tester is known and documented (Brajnik et al., 2011). Novice modervrith limited
experience can get confused by the type of difficulties being fa by users. It is
important to differentiate between challenges in dealing g8 zssis ive technology

(especially when the assistive tool is a different product than serfis 1t r with) and

Ng
challenges being faced with the website being tested. ' _{')
4 b i
N

User testing with small populations often provide u:czl il\gﬁ ™0, a@mally when

combined with more qualitative lechniqu& ;n ’elp to ‘sméﬁsers’ behaviors.

However, it is not statistically robust due > smal \"f(‘m lﬁﬁmbcrs (W3C, 2010).
N

. e a )
It is hard to draw conclusions from cd studyges, a

H:sx@tannot be generalized to

g_..

all people with similar disabililies.v tes@ing wth spg populations can be beyond
the expertise or financial resourCesJpt a 1B* 40 Qi)'?oper and can incur greater time

>sting (Nielsen, 2012).

users to arrat

tcchnologiw

interaglt i products. In the case of web accessibility testing, it is preferable to ask

V

Roftware and haraéare that people with disabilities use to improve

ng assistive technology they are familiar with to make them feel comfortable.

Unfortunately, it is not always the case that users are being able to bring their assistive



technologies. Many assistive technologies being used by real users can be very expensive
and demo versions are limited which make the cost of preparing appropriate labs high.
Time requirement escalates with the need to prepare labs equipped with &g late
assistive tools. This kind of procedure can be beyond the testing cost of lis%eam. In
some cases, it might be best to go to the user's place, rather than hav mT come to
labs. A drawback to this is that limited numbers of the project lum rect interaction

with the user

Generally, remote testing is less expensive than a traditi

yare their

2012). Nevertheless, it embeds many challenges lik
Q&eovcr, there

creen over the Internet or having unreliable or %znn
,oné!f the cues to their

reactions to the website being tested. T &\
TR A

3.4 Web Accessibility Clnllcnoes\ 1ery A

o
—

The previous web accessibilit
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TABLE 2.3: Web Accessibility Challenges Summary

Challenge Examples
Forms
Standards and Guidelines Challenges
Ambiguity be

“The WCAG 2.0 includes some measurements that need to be quantified igrortRgt
interpreted in the same way by all Web developers 4

Only English
version is
available

“Inaccessible to developers who do not understand English Language*

Incompleteness

-The application of WCAG 2.0 alone is not sufficient to guarantee wa site accessibility

Hard to
navigate

-The guidelines normally are presented in descriptive texts, Ng n links and tables,
which is not an effective way of display for the designegyan velopers.
[

Not suitable for
naive web

Wil ceigath leve] of technical
he gui'ell

developers A~ ad
Requires -All the SCs on each level have to be met in order ot the cogforma cilog@hich
perfection could be frustrating to Web developers
Inefficiency -Following the guidelines could make the ag iy e\'awzquoces;yw
Furthermore, even in large companies, resou CIUN Fmoney M staff are
hard to allocate for accessibility. . ‘8~
Challenges during Website § De, nent,
Lack of -Despite awareness about accofgibity Jover thowNgs Y fe\\@;s at the levels of
Accessibility government and legislation, Web opers are ugghvare e legal and industry

Awareness

-

them and do not use them.

requirements of effective accesghbility and t yelgo ! ouﬁgdge remains quite low.
-Despite the availability of WAY®elineg mps @pfessionals are unaware of
a o)

Lack of
Accessibility
Motivation

nprel@nsive & ledge of accessibility and the
) are hotivated to learn about

-Many Web developers
difference it makes to dis:

guidelines.

-Learning guideljres anqhow to efaluat qg‘ain; m can make testing process slow
which unmotiva S lesig to follow them.

Untrained IT
Team

-lack of exposure to
professionalg

!dl@’g’Evaluation

Automated
Tools Problems

hilfty (g0l an be time consuming.
ng the tools.

checttd properly (e.g. “alt™ attribute).

are Wd to analyze by inexperienced Web developers, which

1 affect the quality of thggedt process.

n give inaccurate resm and results can vary from one tool to another, depending on
ynterpretation of the guidelines.

-The cost of setting up labs is quite high.

-User testing with large samples is often beyond the expertise or financial resources of a
typical Web developer and is more time consuming than other methods.

-Finding disabilities that match the website audience can be difficult.

-The need for expert evaluator

-Difficulties in preparing testing materials, in developing realistic scenarios of tasks and
in choosing the right sample size for the test




2.4 MEASURING WEB ACCESSIBILITY LEVEL USING METRICS Y'

The idea of developing web accessibility metric is not new as many prs\% studies

proposed quantitative metrics to measure websites accessibility. (Sylllvan ‘& Matson

o l 3o
& O\ﬁ't 1elr
ar a!cekga)le and

T
g‘ \ mang@’to identify

real and potential violations, then were clasg 1 rat«&F ). The FR was

evaluated.

@
Zeng (2004) pl'O%th Wf AJ:CS ib@Ban‘ier (WAB) formula to evaluate websites
acccssibility&e a high WAB me\a%!a low accessibility level. This formula uses the

total numbc\ a website pages (NP), total accessibility errors, potential errors in a

“'C@ error priority as input parameters. Zeng’s formula is analyzed by WCAG

1.0 checkpoints as:



1 real(v)
WAB = ———z z ———xWv
NP £u, L potential (v)
v

Where, Wv is the weight of violations in inverse proportion to WCAG pri(@l

However, the returned ratings of this metric are neither restricted to a li1!1 nge of

values nor are normalized. Moreover, this metric needs a human exgert to check the

potential violations. V
The Web Accessibility Quantitative Metric (WAQM) was ;ed y Arrue et al.
1T

(2005). This metric is calculated automatically from evalua orts cked%x the

N
automated tool when checking against WCAG 1.0 %ms. A !quers the

4 b i
failure rate of each checkpoint (c) on each page %), E

¥ The @(ure rate is
transformed through a piecewise linear funlix% apprexiny a k{pgrbole to values
that are more spread out as they get close e 0. THes \l}kev '

mwelghled by priority
of the checkpoint, and finally weighte > folfdwing ®rm
\E : ; A

Where (p) is a page and (i) js its th {K@]

which i = 0). Weights as@lo

Lt ; @

function need to be C%] entglly t
% . N :

the dependence % A mgfric 011@6 tool being used and shows that although the

numeric vnleduced by WAQ e tool-dependent, the ranking of webpages and

N

web site Yot depend significantly on the tool. Despite that WAQM has advantage of

progucinwormalized quantitative values depends on checkpoint priorities, it does not



44

consider the error rate of the tool being used and it does not provide means to combine

automatic and manual evaluations.

Velleman et al. (2006) proposed The Unified Web Evaluation Methodolo@tM)
0 by

which is a methodology designed to evaluate accessibility against N !

%'alue of a page
(p) is represented by the following formula: Yv

‘4 I/’h:l-l_lc(l i RI?/) FL) V
P
pesults fin ilfire SagYde (Fc
e
1at Jehe on th@Yd.gent who

Y.
ried y a tool, then

integrating manual and automatic evaluation methods. The accessi

Where Fc is the probability that a violation of checkpoint
is assumed to be constant, set to 0.05). Ry is a f2

performs the evaluation of the checkpoint. If ttw A

R, is the failure rate combined with the emhof he to it isQexpert, then R is

the probability of error of the expert. 4 Q& s th®Pro Sit ‘tﬁt the page results in a
p )t,) p

o Q’
failure mode; the mean for overall M zes giy acﬁ‘!ﬁbility value for the entire
NS
website. The advantages of thg® mef§yc are that it ‘qd@ quantitative, normalized and
? s s
absolute value and it was d%d a N lean @%ﬂlematical background. Moreover,

& 3

the metric considers u\ : t ‘Qscrs, and supports the integration of
a .

(@]

' G

manual and automgjag cvgluatign yetyods. (iﬁwe\'er, no suggestions were given on how

to estimate th wmlelc(s ! afreli$ manner. Biihler et al. (2006) proposed an

>4
extension WEM in order Pocadapt measurement to different disability groups.

Tllere?é%gatiou model was proposed. The model is simplified as following:

A(H):l-n(l == Rh Sub)



Where R is the evaluation report and S is a severity value from 0 to 1 (for each barrier
type b and user group u). However, this metric reliability might be doubtful since it was

evaluated by a preliminary experiment which involved the assessment o mzf SIX

websites conducted by six disabled users. s )

Brajnik & Lomuscio (2007) proposed SAMBA which is a method for mefuring websites

accessibility based on WCAG 1.0. This method uses the output mated tools and
couples it with human judgment, so that correct estimates of "OLS ':an be assessed,
and that estimations of severities of barriers are usedgOn tHe ofher @l ,'MWBO

(Brajnik (b), 2008) is a method applied in a similar wa

| S
here a‘gt na toc@mmot be
N
utilized. However, applying these methods absolt%ly eds m expegxs'r evaluation,

&

2=

N
illl% nt need to look beyond the "Is

;

d. Therg is

the website accessible? andqh hll \\Q
e
’

and relevant problems to be agéres
are the violated priority levels?”

questions and investigdte © lac°$d‘n‘iers spread across the Web and

contributing to low ﬁ %Ji]il leyel

o
m ' 4 é\
2.5 APPROA@&H O INC ?Aglr\\gEB ACCESSIBILITY LEVEL

This secy \iterulurc review outlines the approaches for increasing web accessibility
levgl It ivided into two main sections, namely Prevention Actions and Correction

Actions. While the prevention actions discuss the actions and approaches to be followed
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to prevent the occurrence of a barrier when designing a website, the correction actions
deal with fixing barriers detected while testing and evaluating a website against
accessibility guidelines (Robitaille, 2002; Stamatis, 2003). Figure 2.1 demo%?s the

different approaches to increase the web accessibility. : )

FIGURE 2.1: Approaches to Increase Web Accesg'
Increasing Web

Accessibility
| |

£

Prevention
Actions
]
¥
{ 1 " - \3'
Web Developer Barrier- Free Design ('J
Based Approach Approach
Pl Regulations and
St Guidelines
T Rehabilitation
Motivation Desigy
Training Survey
Mathematical
Model

developer based approach that relates to increasing awareness, motivation as well as



training. Then, it compares variety of barrier-free design approaches that emerged to

facilitate accessibility.

2.5.1.1 Web developers based approach \:

Lack of awareness is very common among Web developers and wl comes to
increasing awareness about web accessibility, the non-profit organizatign continues to

Nompetilions and

inspire developers to create accessible websites for non-profits tl

aeesgpbility
Ny
lc!aﬂgq?g about

" 4

’
digital accessibility for people with different disabilitz. Th Nsibil’gﬂemet Rally

(AIR, 2016) is a web accessibility design c@at ha er 1118gsince 1998. AIR

Tlg and techniques that

issue by helping Web developers and IT students in 1g, thinkigg ¢

runs a competition to increase the awaregess of the

make the Internet accessible to all, in eople with disa es.

arn more about accessibility

Until now, many Web develgpers\re not ‘mti
he} (

(Nahon et al., 2012). Witho& i acé)ﬁ!ibilily legislation and the absence

of managerial impact 0\1 sibi
T ¢
accessibility 1ssue or

O

quit@pnnal for the Web team to ignore the
etend the (zi@n care of it (Pereira et al., 2014). Thus,

|
offe

—

N
individual indus@igs hd udfivgr '?s ‘lv@d motivate IT practitioners and students by
providing tl Aomprehensive km@{adge of accessibility and the difference it makes
to disalye >rs and community commercial organizations (Villena et al., 2014).

MagovePorganizations can provide direct incentives to their employees for the

accessibility work (Accessibility Sprint Work Group, 2016). Private and public sectors
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should stress that accessibility is an important indicator of website quality and without it;

the quality of the website will remain low.

Accessibility training for Web developers is still not available in most IT traffii (311161'5
(Lazar et al., 2013; Vazquez, 2014; Gordon & Lujan-Mora, 2015). Th&anizations

should start sponsoring workshops and training courses for their employges and allocate

S

appropriate funding to support accessibility in their reserved buc n the other hand,
stressing the importance of accessibility guidelines should tak e @ \'16 enfry level of
Web development courses at universities. "

p | _{_)\Y'
2.5.1.2 Barrier-free design approach 2 \3.

In the U.S., the barrier-free design approach eme% ring e chvil ri%&nd disability
rights movements to protect people with d@s from™e 'mié‘on (Keates et al.,

2000; Keates et al., 2002). Barrier—free%n app:'\dlg¥ @the development of

o S

Section 504 of the Rehabililation\ ner: S‘arxz’z‘%s Administration, 1973),
ct

Section 508 of the Workforce 1 ent JA G@ral Services Administration,
o%.
J,‘AQ, (Kelly, 1995). Moreover, many

voluntary guidelines wer stXlisl el to mol@e idea of barrier-free design such as

N
WCAG 1.0 and WCAQ) . ',l c.)(-’
O

E \
In addition, a%y of’d Mg appoches emerged that facilitated accessibility,

>4
including @ilitalion Design.\c}Design by Story-Telling,” “Transgenerational

Desig 1,% Pyramid Design Approach,” “Inclusive Design™, and “Universal Design”
@

(N Gregor, 2000; Keates et al., 2002). These various guidelines (e.g., WCAG

=S

1998), and the Americans witl Dighbilitie,

A )

J.

/

)



2.0), regulations and design approaches contributed to the development of barrier free

Yv

Rehabilitation Design emphasizes the needs of elderly people and peoplecmievere

accessibility designs for disabled users.

disabilities. However, intended users were dissatisfied and tended to aP¢ n design

solutions for several reasons, including functionality, usability, qua¥{y, and safety

problems (Gardner et al., 1993). Yy
depd

Another design approach, Design by Story-telling, is dCgyed by

® \%
nature of aging, observing older users’ aclivilies.@ing dgsign S(,IUEQS. and
evaluating suggested design solutions (Keates CY._OO.{ )\vemjl.is design

#b @.\ses on developing a
\

product that works for users of all ag%you&z to (K et al., 2002). However,

this design approach also does not er ugd disi@xies.
'S

On the other hand, User Pygamid es'ﬂxi{ 1e&‘t§}lakillg into account users’ age and

nding the

(¢”

Transgenerational Design also emphasizgf the issu

impairments. This des@roa Sedb ;he assumption that if a product is
#

designed to be access%y a fartic 11‘&1‘@f users, the resultant product will also be

*’ N
accessible by us% lessfey / nﬁpaimlcms. Such a claim implies that a certain

C

group of usebe excluded in do{ﬂopmg design solutions.

(Keates & Clarkson (a), 2003; Keates & Clarkson (b), 2003; Clarkson et al., 2007).
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However, it lacks a systematic, “human factors’ design protocol. Furthermore, Inclusive

Design is more likely to restrict users to those who are merely providing their

experiences. \z

Universal Design is defined by the Center for Universal Design at Nonf&vhna State

University as “the design of products and environments to be usablg ) ay, people, to the

greatest extent possible, without the need for adaptation or,sp T!ed design™ (The
center for universal design, 1997). The Universal Design Cll 1P10Y‘3d to

make a single product by aiming to satisfy all users, ifuding th¢se v@th dlS ities.

However, the “one-product-fits-all” type approach 1Mecurregely¥ vj wedY&S nearly
impossible to achieve (Newell & Gregor, 2000; col Aﬁ) 00%&218%1, 2002;

Kyoko, 2005; Jhangiani & Smith-Jackson, (&

ale%\\;le apcjss arlier in section 2.3.1,

such as: complex and lengthy natureMl

compares the other design appr@icheXgs suggfste }l (@ 2010).
‘s
/\\ 5

Problems surrounding web accessibility &

1.4 Thu&‘!‘ able 2.4 summarizes and

g
} &
2 .9
@)
S
Y.

&

’

s

)
&
N
S
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TABLE 2.4: Web Accessibility Design Approaches Comparison

Design Approach

Design Aspects

Design Limitations

Rehabilitation Design

Developing solutions for
people with severe
disabilities in their daily
life and elderly people

Released products were
not qualified enough to
satisfy the needs of users
Accordingly, a majority
of intended users did not
purchase the products.

References
(Gardner et 3:
Buhler, 1§08, tes

et al..Z:S”i

Design by Story-telling

Visualization of possible
design solutions
especially for older users

Lack of awareness in
users with disabilities

Difficult for designe
comprehend wi
like to be old.

Pridge, 1993;
tes et al.,

Transgenerational
Design

Product design that
enhances the quality of

life for users of all ages N

User Pyramid Design Design process by (l&atgs et al.,2002)
sorting target users o
based on their

capabilities (i.e.,
severely impaired,
reduced strength,

fully capable). |sgues
related to aging m
disabilities Yv

Inclusive Design

are coverg@.
Produg desig
large, ssible
po jon, obut the
eyre populati

SR

d

df\b{

N

1S MO ely to
restric rs to those
wh merely

prpViding their
eTiences.
"

o

(Keates & Clarkson (b)
,2003)

Universal Design

Q)

{
TN
e-prﬁiM&ll '< " 1t is nearly impossible to
ypes desi#h to \atisz' achieve from a practical

all users

QO

point of view

(Nicolle & Abascal,
2001; Keates et al.,
2002; Kyoko, 2005;
Jhangiani & Smith-
Jackson, 2007)

5

Source: Kim (2010)
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2.5.2 Correction Actions

Before releasing an accessible website it is important to test the code against ac?ﬂ’xlity
guidelines (W3C, 2014). For large companies, beside a development §¢ lere is a
testing team who check if testing is going hand in hand with the webgite de¥elopment in

all phases. Once the testers check the website using one or me ¢ hnique such as

scw development team
weveWil comes to
®

0 say,fsom yei elopers

automated tools, subjective assessment and testing with real

has to fix the detected barriers (Gongalves et al., 201
accessibility subject, developers’ experiences vary. Tha

have a good technical experience in dealing with

1bi% u wli\lgﬁthers have

only limited experience. Thus, developers wj nic do&ace obstacles
regarding fixing all the detected barriers (I@Vet al., 20

' On@ other hand, novice

o) rur \\1}..;&0ebsites will take the

. ey . . - A “ . .
responsibility of testing their wel& f thesghollse @)duce accessible websites

, . NS
(Vazquez, 2014). Usually, nt ew']ovic, deyFlape oose automated tools to check
bje 9&& nt {@esting with real users are normally

- et af82013). However, once these developers

O

ctedjf barri sﬂ)yci&ls they face another problem regarding

developers with limited experienc

[¢]

the accessibility since the gu

N3
guidelines con an¥e, Ot gron c@lenge that is usually faced by Web developers

is their in@lo interpret or m&}'r’stand ouidelines to enable accessibility. Within

WCA re are many success criteria (SCs) to follow and accessibility barriers to

avda h would take extensive hours and effort to navigate and understand to insure

v

that their websites are barrier free. Moreover, WCAG 2.0 emphasizes on perfect scores on

all SCs in a given priority level to receive the level conformance logo and it ignored the
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fact that, in the website development process, developers do not seek perfection; instead,
they aim for incremental improvement over versions. Thus, many efforts were made to
identify the most common and severe web accessibility barriers bas 1Cxperts
knowledge and experience, pilot studies and surveys that larget% evelopers.

Providing a concise list of most common barriers would simpliching against

guidelines and save time and effort instead of wasting limiNiildying all type of
barriers, since some of them may rarely occur (Hudson, 201

The first approach of defining common barriers is based
example, the Web Accessibility Toolkit (2013) is a%ﬂm
project aims to assist college administrators and dmy N pro %nals promote

equal access to campus web resources. W@bih offkit idéQtlﬁes common web

lTl 1}8@(__15 and other experts in

accessibility barriers based on Cornell {gniversity'

the area of accessibility and usabilg oth® ef wagmade by the University of
Melbourne (2013) which publis a\st tha®ou 1es$ 0 most common accessibility
problems on the University oumf‘ veb, ?!‘?July 28, 2010 Roger Hudson the

founder of Web Usabilj anally p\'fshed article "Ten Common Accessibility

&

\tl ich based in Australia provides services to

corporate and a@ ent glier e?ﬁg usability and accessibility. The author
s
published a 15 ommon varrier tR;t violates WCAG 2.0 based on his experience.

)

However, Nutllor just mentioned the most violated guidelines not the success criteria.
E, I

[
=}

Problems" (Hudson, . Hjs §omyal

M& 1e previous efforts did not provide any ranking for barriers and only
men d the common barriers, Table 2.5 summaries the common barriers based on the

first approach.



TABLE 2.5: Common Barriers that were Identified Based on Experien?'

Section 508

y 3 \
WCAG 2.0

Web Accessibility
Toolkit (2013)

University of Melbourne
(2013)

Roger Hudson (2040)

Graphic images without
text descriptions.

Add alt text to images and add
labels to forms.

Failure to include text natives for
images.
N

Web pages that could Use heading tags, table Use of CAPTCHA ( pletely
not be navigated without | headings and lists. Automated Publ hg test to tell
a mouse Computers pans Apart).

Poor contrast between
text and background
colors.

Provide sufficient color
contrast.

Failure

B i Wndegulte altgrnatives
cessibje w
¢

Lack of appropriate
labels and instructions
on data entry forms.

Make each page navigable by
keyboard alone.

se HTML heafergler

Difficulty navigating
when presented with
unfamiliar terminology
(e.g. Admissions versus
registration, course list
versus class list, online
courses versus online
application, etc.).

Allow pausing of animations.

rejto e@ sufficient difference

Add skip to com&0

round (text) color and

ackgr color.

Add a mcaWe t

le. Failu

»identify data tables with
dungnly¥y attribute or caption element.

Avoid ' < @ere” linlgg&/ JfF jJure to mark-up data tables
\\\ ConYectly.

= . . -~ q .

Kegh n? ’auonlcons Stent ilure to ensure sites can be used

he

pWwithout the mouse.

The second ap&&is based on t

on barriers. The Society of IT Management (Socitm, 2008) published the

the most

\ po

—uﬂ W}

Use of "onchange" event handlers with
select menus.

&

9
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1eo§€omes of pilot studies and experiments to define

Wyrld denied: a supplement for Better connected 2008 on website accessibility"

008. This report provided the results of a set of accessibility testing carried out

and included a list of the five most common accessibility errors regarding WCAG 1.0.
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According to this report, these five errors account for 76% of all website accessibility
failures. Another project was conducted in June 2007, by Cornell University ( n et
al., 2007) to evaluate a sample of community college websites for a \ ity and

usability by students with and without disabilities. This research basASectlon 508
checkpoints and revealed some of the most common barriers to a&websiles. The

common barriers identified by Socitm and Cornell University al‘vrated in Table 2.6.

TABLE 2.6: Common Barriers that were Identified Bas ilot wn by Socitm
and Cornell Universit ' Y'

WCAG 1.0
Socitm (2008) ' ‘i')
% 4
g

No alternative text for images.

Inappropriate use of JavaScript.

Errors in simple data tables.

Errors in complex data tab
Use of features with a |
accessible alternatived®

labeled and
cessible.

In 2005, the Pumsyl lat m m‘tye&?hshed the webpage "Most Common Web
Standards and 1blllw.§4 t violates Section 508 (Pennsylvania State
University, 2 1, able 4.7 1llustra®ﬁle common barriers along with their frequencies

based on 1\1101 study ranked in a descending order form most severe one to least

Sey,
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TABLE 2.7: Common Barriers Along with their Frequency Based on Pilot Study run by
Pennsylvania University

Barrier Type Frequency T
Image should have valid ALT 60% (most severe,
4
Skip repetitive links 30%
Form control should have a label 8%
Color should not be essential 8%
Multimedia should have equivalent audio ko ?
descriptions |
No javascript links should be used /o (Teast selere)

Source: (Pennsylvanidtate Univfrsit

The third approach basically based on surveys th
the most common barriers they face. WebALI ox-g?a‘liz tpn wislin the Center for

Persons with Disabilities (CPD) at Utah SIN

versity. St
%f sC er E;sé% On May 31, 2012 the

] “
onlir ebA&‘/ZOICZ). In this survey there
N

conducted four online surveys of prefen

results of the fourth survey were p&

were 1782 valid responses frgsn Wieve oper ‘h§pondents were asked to select
i:

their most, second most, ag n S&& ema@)an‘iers from a list. Each selected
xaud thdswgsul® are cﬁd\\'n in Figure 2.2 and ranked in Table
» 1 O .
2.8. According to lll%’vey 2l & jespondents listed inaccessible Adobe Flash
3

content as the %kifﬁqﬂ ier ®countered, with CAPTCHA closely behind

barrier was given a weidh

(21.6%). W1 1pared to responsg&jo\f these questions over the previous three surveys,
the ord@ldicatcd difficulty for the items in this list are largely unchanged.

Hoyggver,Yw information was provided on how they assigned weights to the barriers.




FIGURE 2.2: Most Severe Barriers in WebAIM’s Screen Reader: Fourth User Survey

CAPTCHA

Flash

Ambiguous Links
Missing/Improper Alt Text
Complex or Difficult Forms

Poor Keyboard Accessibility —

Unexpected Screen Changes

Missing or Improper Headings » T
Too Many Links é ' ;
Complex Data Tables - v .
¥

Lack of “skip” Links [l
Inaccessible/Missing Search -

Source: (P)n\%yic

TABLE 2.8: Barriers %ty R@\sx

1 :‘ ’ers@)(ﬁ )
@)
i

Barriers ranking Barrig pe&v
order
1 (most severe) Inaccessible Ad ngl.
2 CAPTCH Luring test to tell Computers and
Humans ARasii ~
3 Links or button ¢ Enke)
4 Imageg Wagh missing omgpsoper d Suibtions (alt text).
5 Scrofgor PATts Q "Ycreengdthat clﬁ% unexpectedly.
6 @ N
f ack Ofgkeyloayd ac ilig N
8 ssifg or ipropdihd@dines (1, h2, etc.).
9 many Ifnks g ngvigadQrritems.
10 mpl ta gioles.
11 accessiblor fissin gearch functionality.
12 (least severg Lack of "skip to nmg@tem” or "skip navigation" links.
~

N

Althoudga Yereat effort has been made in identifying common barriers based on the
previous approaches, the results vary from an experiment to another depends on the

context and the targeted websites. Furthermore, most of the Web based approaches are



based on Section 508 except for Socitm (2008) which based on WCAG 1.0 and Hudson
(2010) who identifies barriers based on WCAG 2.0. Nonetheless, even for Hudson (2010)
study that was based on WCAG 2.0, the barriers ranking were ignored. Additio% only
the guidelines that can face most barriers were mentioned not the succedy crigfria that
were violated since the basis for determining conformance to WCAG 2 the success
criteria (SCs). Moreover, the previous approaches only took the frcqw of barriers in a

c Z'iori‘y level that has

been violated. The earlier approaches lack of clear well estMgghed pmathgy ical model

.
gt . .
to determine barriers severity. Besides, the previous st d not gheas e‘h&ﬁbgree of
Y

accessibility level improvement after fixing the comwm&\

2.6 THEORETICAL FRAMEWORK \

This works proposes a mathematical %em%'
? 0

severe web accessibility barriers llu&‘ t we
them based on their severiticsg OMNE the bagrier:
set of websites will be mea{‘ed Jler ruf&

]
measure the improvem *&1@ : S

o ’.
deaf and elderly user™®¥e thdoreti

specific dataset to determine the barriers severity and ignore

4

mle ged. the accessibility level of a

cfl“édng the severe barriers in order to

o

iy 1@(34}4,%‘01‘ disabled users, specifically blinds

-m&\%rk of this research encompasses all the

*’ N
related concep iprofla ’aCCc@ilily level. The theoretical framework is

diagranunal'A‘cprcscmcd in Fig&g 2.3. The web accessibility challenges that were
discuss g “tion 2.3. can lead to non-compliant ways of coding that violates WCAG

ing to (W3C, 2016) this causes accessibility barriers in the design that prevent

assistive tools form interpreting the code properly which results in low accessibility level



that directly affect disabled users’ interaction and accessing the Web. There are
prevention actions to decrease the possibility of barriers while designing a website as well
as correction actions to fix the barriers once occurred. The prevention actionskzoslly
followed by large firms that endorse their own legal standards or folloW acegssibility

legislations and guidelines. These firms and companies have expcriencew teams who

are familiar with the accessibility issues unlike regular dcvelopeN run their own

ez'm'iirs once they are

websites. On the other side, the correction actions aim at fixin
detected at the testing phase. Large companies compe

=

detected errors to gain WCAG 2.0 level conformangg

accessible free design. They do not know gvhere

L

conﬁ}m barriers that threaten

o

first. Thus, many efforts were made to ¢

the accessibility so the Web dcvcloN CR g m lglcrease the accessibility of
websites. These efforts to i Zacco it (Jatl @iopcrs aim for a pragmatic

improvement over vcrsi@vc 3 g E{wl common barriers can help Web

developers to start ﬁxiw‘ > Sev b &lo avoid them in the future (Hudson,
@

2010). However, tjg@ynajdrity gf thy g 1 approaches lack of a clear mathematical

model. So, thi wlook a sing a mathematical based metric that ranks

accessibilifgarricrs based on their sowerities and influence on the accessibility issue.

O
(@]
a



FIGURE 2.3: Research Theoretical Framework
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2.7 CONCEPTUAL FRAMEWORK

This work proposes a quantitative metric that ranks accessibility barriers base(wﬂleir
severities. The metric is named Web Accessibility Barrier Severity (WA %l ic. The
conceptual framework is diagrammatically represented in Figure 2.4. Th conceptual
framework of this research encompasses two steps. The first step |Val ting the metric
quality in terms of validity, reliability and sensitivity. Five I (W are formulated to

check the metric quality. Research hypotheses covers th ated t@e span and

samples which are treated as independent variables sinc

.
are Weing 1?11ipé'l)&gd and
ct onft enda'( variables,

secq@iep 1S measure

the improvement in accessibility level on ABS is 1ed0hls step will take

2, O ®X dé\lssed earlier in section

vel forsgda set&ﬁ@ebsnes Zeng’s metric will

assign a score for each websi 1? 'data{ct bafe @ accessibility level, where the

higher score indicates low acce b1 i \ WABS metric will be applied to the

controlled within experiments in order to observe

whereas barriers weights are treated as depen

- =)

advantage of the metric proposed by (

2 4 in order to measure the accu€51b

dataset to identify barri s 1ght

th\’ﬁy;rom the most severe (highest weight)

to the least severe b l owir ﬁec five barriers will be removed from each
website in the @ jmul %ﬁxmg them. Once these barriers are removed,

the accwmb\ vel will be meask again for that dataset using Zeng’s metric. This
will enz iparing the accessibility level before and after removing the most severe

addition, the degree of improvement in the accessibility level can be measured

after using WABS.



FIGURE 2.4: The Conceptual Framework of This Research

62

Step 1

WABS Quality *

Independent Variables Dependent Vw
Hypotheses

N

e HI: Barriers that violate priority level

aziers'W eights

4

e
utilized /
° H4: Barriers' weight significantly V 0‘
changes over time \ O<<
e HS: Barriers' weight significantly \ _\
changes when data are collected from % N &

different samples.

A” are more severe than those that
violate other priority levels. >
°  H2: Barriers that violate the same — | /
priority level have the same weighl.//
e H3: Barriers' weight significantly
changes when different tools ar T

Websites Dataset

Accessibility Accessibility
Level Before Level After
Zeng’s Metric

Degree of Improvement
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2.8 CHAPTER SUMMARY

This chapter reviews literature and researches relevant to the work. First, ar Nc w of
disability types is presented. Four main types of disabilities are identiﬁe@y visual,
auditory, cognitive, and motor. Second, the chapter reviews the negal@pact of web
accessibility challenges on accessibility level and discusses _the Wfimary problems
associated with each challenge. Standards and guidelines, d :'eb ite’s design and
development (user’s awareness, motivation and trainin® ar b oevaluation

N
(automated tools and user testing) are identified as th%main geL.-x‘fl?rd, web
0 4

accessibility metrics used to measure accessibilityNevel N{L light Following,

al

diverse approaches aim at increasing web .a LO1lity

re Oaned. Two main

Ve

approaches are identified: prevention and gerrectibn adhQns ention actions focus

on avoiding barriers at the design stagcNwhilafthe ect@concemrales on fixing

&

study which connects the

barriers once they arise. The theorh fr of
l

ol IS
theor

ica frsl@ork focuses on enhancing the

correction actions by provi a malhe\sal m that determines barriers severity.
V4

previous topics is demonstrat

S

é\

Finally, the conceptual ework sh pw @nathematical model will be evaluated
L : %
and how it will incr accepsibiit levgsdf websites.
’ €

/J“‘
4
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