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CHAPTER SIX

CONCLUSIONS AND FUTURE WORK Y.

6.1 INTRODUCTION Y—

Chapter 6 concludes this research work by highlightin 1wnevemems and

contributions in section 6.2. Meanwhile, section 6.3 provi m clica olutions to

overcome accessibility challenges. The chapter also @ates spme nrli Yons for

future research in section 6.4. \ \3-
>l ol
&

The web accessibility discipline has been %gling‘ﬁ\ﬂg D il ,@‘eb a more convenient

SO o> ¥V S .
environment for disabled people. acgess aranteed, people with

disabilities will be able to use and utg to the el@ore effectively. This is what

(
the present work has endeavo% investigate 1ﬁ£2)a 1ze. The worked tried to fulfill

St i
w7 &

N
1) 1 To propose a% atiyegne 'c'.ﬂ]augd.ks accessibility barriers based on their

severities. %
&
t

&
metric reliabili

1tysgptd validity through empirical studies.

6.2 ACHIEVEMENTS

:
%

three objectives, which wegg:

~3

—_—

2) To evalu:

3) To1 \L the degree of accessibility level improvement for a set of websites

6-::11114 the top severe barriers detected by the metric.

Chapter 2 has reviewed the impact of web accessibility challenges on websites

accessibility and discussed the primary problems associated with each challenge.
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Standards and guidelines, during website’s design and development (user’s awareness.
motivation and training) and during-evaluation (automated tools and user tesv

identified as the three main challenges. These challenges can lead to non-c 1 t ways
of coding that violates WCAG 2.0. This prevents assistive tools foml*retmg the
code properly which results in low accessibility level that hl nders§disabled users
interaction with the Web. Two main approaches where i Yﬂ to increase the

accessibility of websites, namely prevention actions ec 1 ions. The

prevention actions aim to decrease the possibility o § acces 111t b'am m’vhile

designing a website. Meanwhile, the correction action the onoQ-occurred.

e s@ 1s even for

ar forts were made

This work focuses on the correction actions singe th

@%&ibility so the Web
\

g . 0 ) . .
developers can fix them to increase th%lbl ity of, ébm@as well as avoid them in
the future. However, the majority o? rregtion roa@s are based on the evaluator

experience and limited suwe)% they k f}i(«bear mathematical model. Thus,

Chapter 2 has suggested th Xfor almat mau@ased quantitative metric that ranks
N

Mifluence on the accessibility issue.

Chapter 3 has di &lhe &ébiz de 1 1 which includes the process for validating

WABS mclm 1ty and covered{me study's hypotheses' development and the

~?c

accessibility barriers ba hg seve l'ﬁ! a

experimen to test these hypotheses. Moreover, the process for measuring the
ear ssibility level improvement after removing highly ranked barrier identified

b=

by WABS is discussed as well.
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Chapter 4 has tried to meet the first objective by designing a quantitative metric that

meets the requirements as a measurement for scientific research. The metric forn 101

is inspired by the vector space model principles. In order to achieve the secox%\ctive,

five hypotheses were formulated to check the metric quality. Accordingly%ter 5 has

conducted four empirical studies to validate the hypotheses in orderto cBgck the metric
Y,

validity, reliability and sensitivity. Furthermore, the third objectiv is research work

was fulfilled by measuring the degree of improvement in a

: 5 . : : . g
of websites after removing the most five severe bamers@zvere identi d'by (.“)@BS'

The main contributions of this research work are descvnd w ed aNpllows:
1) Developing a Web Accessibility Metric that M, N Barr

This work has argued that unveiling the most s@gere Rarrie ~£Qhem accordingly
will increase the accessibility level of weBng CDTI&S% c@eved by developing a
“ %
Web Accessibility Barrier Severity ( quantie mej.&%’that ranks barriers based
N
on their influence on limiting w accg;ibility’v\hfﬂ 1@ is basically formed to meet

. e £ &
the requirement of building %) m' N suggt;d by (Zeng, 2004; Vigo et al.,

2007). Furthermore, it u@om
’
u I @at has been violated and the number of

2004) such as barrier Jggqueicy, i
3
test cases. Th % ok # Fsidggalion the following measurements: (1) The

e n
. .V
importance of i rier to other baﬁ??s that violate the same priority level; (2) The

@ barricr to the webpage; and (3) The importance of the barrier to all the

2.5

importang

other in the whole dataset (all websites). The metric formulation is inspired by

the vector space model in terms of barriers weighting and ranking.
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Two principals were used from vector space model, namely the extension of Pythagorean
Theorem (Weisstein, 2014), which is used to measure barrier length in different t
(this principle covers the first and third measurements). The second principlefts Y:
(Sparck Jones, 1972) which was adjusted to meet the second measurement. -\

2) Validating WABS Metric Quality. Y.

Five hypotheses were made to check the metric quality in terms of \’wy,reliabilily and

sensitivity. The hypotheses address barriers' weights regar fti rc‘nces between

priority levels [H1], differences within the same priority leygl [H2], y t(?o@ng
L

used [H3], testing the sample over time [H4] and testing diffe?n sagiple @ Four
N

experiments were conducted to validate these hypoth&es. tive AQ¥ inferential

statistics were used to analyze experiments' r&hle resu eacé&periment were
further discussed to test the corresponding%othese\&g%.- @3’ analysis showed
j 7 N
‘%ﬂ 2

insignificant change in barriers' weight ifferent t@ots, @c span and sample are

used, thus all the hypotheses are rej?}-lel,te, BS $ets the properties which a
(

valid and reliable metric shoul%. Wel} e @Qr(c,)ocan utilize WABS metric to

highlight the most severe ba men flx thém late increase the accessibility level of

N
their websites. C\ 0 '.l (.)D
k)
) Agleshi

bifQy Level Improvement After Fixing Highly

4
Severe Barriers \,Y'
9

The reports &&Q d by A-Checker tool when evaluating Malaysian websites were

a

utilized fi first experiment. Based on A-Checker results the accessibility level was

measured 10F each website using Zeng’s modified metric, formula (3.3). Then, WABS

metric calculated barriers severity for the Malaysian dataset and rank the barriers
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accordingly. Following, the top five severe barriers detected by WABS were removed
from the evaluated dataset which are: (1.1.1, 1.4.4, 1.3.1, 1.4.6, 2.1.1). Once

ranked severe barriers are removed, the accessibility level of the websites w;@ured
again using formula (3.3). Then the accessibility level of websites Q&ompared
statistically before and after removing highly ranked barriers. P% amples t-test
elicited statistically significant improvement of accessibility level avmoving the five

severe barriers (t = 8.467, p= 0.001 <0.05 =a).

6.3 RECOMMENDATIONS ' (_)
K

?
5

In this section, five practical and applicable soluf§Ons

accessibility challenges in this research a@lce vercdgie accessibility
obstacles. They are presented as follows: % \? é

1) Enforcing Accessibility Legislation % 0 A;‘ Q(?"\

Widespread recognition of the cont@ 0 Iag ll&%’t i o e, R

promoting social inclusion and 1%3 disc?' 1in, 'y!(zz;gnst people with disabilities is
reflected in legislations an Nies zicro\the \\;&. Awareness of the nature and

implication of lcglslallolthO cigs i'r mégmb accessibility in different countries
atiorgal

wtbjac ility policy. This can be made possible
’

by enacting thel %egal sta dalés @egislation rather than following voluntary
NG

Ncollaboralion between Web team, stakeholders, individual industries

is important to guide

guidelines.

and vari ps 1s essential to ensure equality and guarantee all human beings' rights to

use the vithout discrimination. Individual industries and countries need to diligently

enhance the enforcement of accessibility legislation. In addition, a project manager has
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the responsibility to make his Web team adhere to accessibility principles. Without a
managerial impact on accessibility, it is quite normal for the Web team to i the

accessibility issue or to pretend they have taken care of it (Pereira et al., 201%\

2) Creating New Web Accessibility Position -\
One possible viable solution to increase accessibility motivation is create a new

W

position related to accessibility, e.g. accessibility specialist/ev This expert can

interact with the project team and senior management to 1 a Posi vla impact on both
the community (potential customers) and the organizati@p. In ‘tactf this eft,csﬂ be a

0

Web developer, a quality assurance engineer, or a proje anaggr ho fakeswaeacessibility

training courses and participates in workshops. On t ot\ﬁ

start sponsoring workshops for their em@and a
support accessibility in their reserved bud% >\T
(]
']

3) Providing Applicable and Usable es 2y,

It is not the case that WCAG 2.0 Yﬁgoo en h; i@«ll be more useful if the WAI

v
\nd, or@tions should
a@priate funding to

A
&
s

%

| O
structures the guidelines via jc%s that\ h ﬂte’le impacts (i.e. SCs will be easier

to read if each Web tea@ber l:now whi them he/she needs to deal with).

.
WAI's assignment of levciy to %}b considers the needs of disabled users;
however, it will e%hel; 1 iffth8y @e an idea of the disability type that would
§ { 4
benefit from cﬁfo 1ng to each @';&qon. Moreover, WAI has to be transparent

S

regarding t of implementing each guideline. Reasonable measures should include

identiigot® of the costs of conforming to accessibility guidelines. Instead of

emphasiZzing the need for perfection, guidelines should be flexible enough to encourage

Web developers to follow them. This, indeed, will contribute in minimizing the difficulty
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in both guidelines' structure and presentation. Meanwhile, Web developers should not get

frustrated by WALI restricted rules. They should aim for continuous improv of

accessibility over time. %\

4) Changing the Web Team Mind-Set

To meet end-users' needs, Web developers are required to fee%id—users in the

accessibility issue. In other words, programmers have to tes tlstile with disabled

people or at least use a standardized accessibility tesig 001, thatgwhen web

. . - . .
developers want to write/change the website’s source cofagthere isfa ne io ce;x.ge the

developers” mind-set to include accessibility. Mar devgtopergfdo n§know the
% Y
1

\elp @I.ed people to

interact with the Web. Moreover, we 1 aange the rogé%ler’s perspective

ask@b\y‘i ranges. Thus, there is
e R

m-ba ap 0a&‘$vards a design principle
approach for web accessibility. Tlloliw ea 1®ould be inclusive from the
AN

beginning when designing an accegible 4 }*tﬁ}ys and public sectors should stress

that accessibility is an im@rmd' !\lor web@quality and without it; the quality of
the website will rema Ww. I fd ) 3 EIJ hasizing the importance of accessibility
guidelines shouldt rly pWe :d ve@ment education. This should take place at the

a
entry level om evelopment co@. Training and exposing IT professionals and

importance of making a website accessible an% 11

regarding the way they code rather than

a real need to move away from a \

Web engincx accessibility guidelines at an early stage increases their awareness and
impgoVveSWReIr programming attitudes toward this vital issue. Why wait to expose IT

students to accessibility until they take senior computing courses when we can make them
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aware of it earlier? By making accessibility the focus of an introductory level computer
science course, we can increase accessibility awareness among IT students. T

5) Deploying WABS Metric \
WCAG 2.0 emphasizes the need for perfection scores on all SCs for &in level in
order to get the level conformance logo, which makes it impossible for zme websites to
achieve any acceptable level of conformance, especially for tho sites who are run
by people with little experience and training. However, Web 0 e‘s shquld not get
frustrated by this. They should aim for continuous imgroverfient ilia\ib&w over

time. There is an imminent need for real collaboratl betwefn W de@pers and

Y- Y
evaluators. Web evaluators can utilize WABS m% hi% \\he mog{ Nevere barriers
that affect the accessibility of an inlen(@o

n. ey
developers to focus on studying success CriEria tha ?at @most severe barriers

and correct them. By time, Web deve%ecox‘ﬁe nm @lfa@r with web accessibility

n motivate Web

WARS nfemic in this work has utilized automated tools results; it would be useful to

apply other different accessibility evaluation methods (AEM) results. Real user testing,

screening techniques and subjective assessments could yield different results since their



160

validity, efficiency and reliability differ. The validity and reliability of WABS results
depends on the quality of results produced by AEM. Moreover, user testing vque
may fail to yield consistent results when performed by different ev%x. The
evaluator's effect comes to light when different persons evaluating t@&le website
detect different types and numbers of accessibility barriers. The e\wm‘s effect has

¢

been extensively studied in the usability field. Unfortunately, lhi?t the case for web
accessibility evaluation methods (Yesilada et al., 2009). A%ud c'ould identify the
effectiveness and reliability of results produced by evdhuator wik/ diggerent @%ls of
expertise. Later, the results of expert assessment couldéplie(yto

results since assessments made by experts ar%ér O\Iiab@gn automatic

assessment (Brajnik et al., 2010). %

6.4.2 Automating WABS Metric C) . >’?

9

The existence of automated tools th lifi roc&f accessibility evaluation.
>

WABS metric has utilized au% tools'fres slt(\'ﬂ’xd out the number and type of

. 4 F &
each barrier. However, \% co@; IargE(ycale evaluations, collecting and
aggregating the results @ 1 ilmil@ﬁévaluating thousands of websites then

ti
) Y
extracting each bapmy type agd enq&jn each website will take a considerable

amount of timg %m be’in c&nt.@“ortunately, available automated tools allow
&

only for ind\ evaluation of wobites. Developing a system that can run massive

evaluap sts could be promising since many evaluators seek to conduct large scale
stud1 Fgr future work, a researcher can build an automated tool that handles an
immense number of evaluation requests. At another level, the researcher can build a

program that utilizes existent tools results. However, system performance could be an



161

issue, since sending synchronous evaluation requests to a tool could degrade the tool's

performance, resulting in time out error.

6.4.3 Enhancing the Collaboration between Web Evaluators and Dev&r}

As mentioned earlier, a true collaboration between Web evaluators a relopers will

have a positive influence on improving the accessibility levelg (Nsnes. However,

good communication channels should be established bet el evaluators and

developers to make collaboration between them more effi®gat. \43“ need

means to inform other developers of the accessibilit drti 1on agd Jrs-k%?lkmg in

Y~

Making barriers' ranking over time public (f\aended rcopdn); @1elp in reaching a
large spectrum of Web developers and s %w renhfgm &pm For a future study,

S

researchers can investigate the most ent wa of © la%o@n and find out whether it

can be achieved by developin ve tl\,t ar nc@etric results or via a system
I

that broadcasts the results to Web dgvel P o &)
QD &
6.4.4 Improving 1\10[)1]% sibil4 &
o ' (.)

Mobile devices are elyused e 1 @opmg countries, to access the Web. Users

websites that target audience in a specific xeglon

’ & ar e
can access inte ough snidrt 61101\1?", either by using mobile websites or through
=

ccording to the World

application nk (2015), Malaysia is leading most Southeast

S and even the United States with 140% mobile penetration. However,
mobi ices including smart phones and tablets have some limitations that hinder
interaction with the Web. Mobile accessibility aims at making websites and applications

more accessible to people with impairments when they are using mobile devices. Many
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Web designers and mobile application developers are not aware of the existence of
guidelines that specify how Web content should be delivered to mobile dé for
mobile friendly content (e.g. WCAG and Mobile Web Best Practices (M %\ study
by Abuaddous et al. (2013) indicated the lack of website accessibility %blic higher

institutions in Malaysia over the years. Thus, a future study can e\’%zhe accessibility

of Malaysian public institutions” mobile websites. Y’
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